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THE PRESENT STATUS OF THE 


Low Alloy High Strength Steels 


by Edwin F. Cone 


éon the metallurgical horizon the first indication of a 

"group of steels which today play a major role—the 
lo\.-alloy high strength (or high elastic) structural steels. 
Tie steel which may be regarded as the first of these mod- 
ers ones is ‘“Cromansil,” developed about 9 yrs. ago by the 
El. ctro Metallurgical Co. of New York. To be sure, be- 
fore this there existed the low-alloy nickel steels and one or 
two others. Soon after this, in rather rapid succession, 
str.ctural engineers were offered numerous other brands 
of varying composition until early in 1936 the total ap- 
proximated 29 steels under special trade designations. In 
the last year or two at least three other steels of this general 
class have been developed by metallurgical engineers. 

Many claims have been made, and are still made, for 
these steels, some rather fantastical and some essentially 
sound. After a period of about 3 yrs. it has seemed rea- 


[ BOUT THREE OR FOUR YEARS ago there appeared 


Nickel Steel (2% Ni) Boiler Shell for Canadian 
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sonable to review the present status of the class as a whole, 
particularly with reference to the uses to which they are 
being put. It is of course true that a sufficient time has not 
elapsed to check up on all the claims that are made, but it 
is a fact that these steels—-developed primarily to be used 
where weight can be reduced without sacrifice of strength 
—have gained in favor with designers of structures and 
other products. Large tonnages, usually in the as-rolled 
condition, are now being used. 

It is the aim of this article, or review, to survey the field 
of applications of most of the steels, demonstrated by il- 
lustrations; to present the present status as to composition 
or any material changes in the original steels; and to de- 
scribe the newer ones. It is based on a questionnaire sent 
to the producers and sponsors of the different steels. 

In the literature of recent date, there have been several 
discussions of the low-alloy, high elastic steels. Gillett? 


Pacific Locomotive (Courtesy: International Nickel Co.) 









































Granby Mine Car (31/,% Ni) for INCO Mines, Built by 
Canadian Car & Foundry Co. Steelplate furnished by Do- 
minion Foundries & Steel Co., Ltd. (Courtesy: Internation- 


al Nickel Co.) 





Oil Well Casings are Made of Mn-Mo Steel. 





Largest Gasoline Tank Trailer Train, Constructed of 
“U. S$. S. Cor-Ten.” (Courtesy: United States Steel Corp.) 





in a paper before the A.I.M.E. in February, 1936; Epstein, 
Nead ard Halley? in another contribution at the same an- 
nual meeting; and Cone® at the annual spring committee 
meetings of the A.S.T.M. in 1936 discussed various metal- 
lurgical and other properties of these steels. An extended 
abstract* of these three papers was published in METALS 
AND ALLOys—for the busy reader. In the paper by Cone® 
in which were discussed in some detail the properties of, 
and claims for, these steels, a table (Table XI) was pre- 
sented which listed 15 ‘‘steel company’’ steels and about 14 
others including the S.A.E. nickel steels, the medium man- 
ganese and the silicon structural steels. Selecting from this 
list those which may be designated as the more modern 
ones, we have the following in existence in early 1936: 


Trade Name 
“Cromansil” 
““Manganese- Vanadium” 
“Carbon-Molybdenum’”’ 
““Manganese-Molybdenum’”’ 


Company 
Electro Metallurgical Co. 
Vanadium Corp. of America 
Climax Molybdenum Co. 
Climax Molybdenum Co. 


“Cor-Ten” United States Steel Corp. 
““Man-Ten” United States Steel Corp. 
“Sil-Ten” United States Steel Corp. 
“Yoloy” Youngstown Sheet & Tube Co. 
“R.DS. 1” Republic Steel Corp. 

“R.D.S. 1A” Republic Steel Corp. 
“Hi-steel”’ Inland Steel Co. 

“HT-50” American Rolling Mill Co. 
“AW 70-90A” Alan Wood Steel Co. 

“AW 70-90B” Alan Wood Steel Co. 
“Jal-Ten” Jones & Laughlin Steel Corp. 


Granite City Steel Co. 
Granite City Steel Co. 
Central Iron & Steel Co. 
Continental Steel Corp. 


“Granite City HS 1” 
“Granite City HS 2” 
“Centralloy” 
“Konik” 


Thus there were 15 “company steels” and four steels 
sponsored by alloy companies—these in addition to th 
nickel and other steels. Since then there have not onl: 
been some changes and additions, but also no little experi 
ence in their application and in a knowledge of their prop 
erties. 

Taking these steels in the order listed in the foregoin 
patagraph, attention is now called to a few of the out 
standing changes in composition, physical properties and s 
on, Instead of discussing them in detail a table (Table 1) i 
compiled showing the present composition and also on 
(Table 2) showing the physical properties, as reported 
These can be compared with the data from other papers- 
for convenience the table (Table XI) of compositions as 
of 1936 by Cone® is repeated in this review. 


The Early Steels 


HERE is a group of low alloy high strength steels which 

have been in existence, some of them for many years. 
Included in these are the S. A. E. Ni, Ni-Cr and Ni-Mo 
steels, medium Mn, silicon structural, Cr-V, Cromansil, Mn- 
V, C-Mo, and Mn-Mo steels. This group is contrasted 
with the so-called ‘company steels.”” A brief discussion of 
the present status of these steels follows: 


The Nickel Steels—Iinternational Nickel Co. 


For many years the low alloy nickel steels have been used 
in many applications—in the as-rolled as well as after heat 
treatment. They are still widely used today, because of 
their many excellent properties, as plates, shapes, forgings 
and so on. 

The steels which are very briefly touched on in this re- 
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view are the so-called non-proprietary steels as distinguished 
from the steels promoted by steel companies. In several 
of the latter Ni is a predominant element—'‘Republic 
Double Strength,” “Yoloy’” and others. The non-pro- 
prietary steels are principally some of the S. A. E. group. 
These were discussed in some detail in the paper by Cone.* 
Since then there have been a few minor changes in com- 
position and in physical properties. Compare Table 1 
with Table XI reproduced from the A.S.T.M. paper already 
cited. For representative physical properties see Table 2. 
In applications in structural work these steels have found 
and are still finding industrial applications. In the as- 
rolled condition they are found in bridge construction, in 
boilers particularly for locomotives, in skip hoists and cages 
for mines, in mine cars and so on. Space does not permit 
discussion of other details in properties and applications. 


‘“‘Cromansil’’ — Electro Metallurgical 
Co. and Lukens Steel Co. 


“Cromansil’—a Cr-Mn-Si low alloy steel—as before 
stated, was introduced some 8 or 9 yrs. ago by the Electro 
Metallurgical Co. of New York. It is regarded by some as a 
company steel because of the work done on it and for it by 
the Lukens Steel Co., Coatesville, Pa. From this company 
the following facts have been received: 

This steel is now offered in two grades—A and B as 
contrasted with only one when introduced. The two 
gc ides differ as to composition only in the carbon content 

17 per cent max. for Grade A and 0.25 per cent max. 
for Grade B. When first introduced the Mn range was 
1.00 to 1.40 per cent—it is now, for both grades, 1.05 to 
1.'0 per cent, a slight alteration. Si range remains un- 
changed at 0.60 to 0.90 per cent, in both grades. The Cr 
is now 0.30 to 0.60 per cent as contrasted with 0.40 to 0.60 
per cent earlier. Cu, which was formerly optional, is not 
now mentioned. See Table 1. P and S are 0.035 and 
0.04 per cent max, respectively. 


he physical properties, based on experience to date, are: 





Grade A Grade B 
Tensile strength........s0-. 75,000 to 90,000 Ibs. 85,000 to 100,000 Ibs. 
Yield pPOimt..cscceccecccees 0.6 of T.S. 0.55 of T. S. 
Rlongatiet-ss cadansscwnsses 1,600,000 Ibs. 1,600,000 Ibs. 

T. S. T. S. 
Drinell ... vwaWeedpapeiens none 140 to 180 (as rolled) 160 to 200 (as rolled) 
Beinell ..scdaues cuwucdswces 130 to 170 (stress 150 to 190 (stress 
relieved) relieved) 


No data are furnished as to other properties nor any in- 
formation as to applications though it is generally under- 
stood that this steel has been and is being used in many 
applications, both welded and otherwise in structural work. 


Manganese-Vanadium— 
Vanadium Corp. of America 


Considerable work has been done on this grade of low 
alloy steel. It is now offered for plates, shapes and flats, 
in three grades, A, B, and C. In general the carbon ranges 
from 0.18 to 0.22 per cent max., the Mn from 1.35 to 1.55 
per cent max., the Si from 0.15 to 0.30 per cent and the V 
from 0.08 to 0.14 per cent. (Table 1). For comparison 
with that announced earlier, see Table XI from paper by 
Cone.* The changes are not radical. 

As to physical properties the three grades vary in tensile 
strength (as-rolled) from 70,000 to 105,000 Ibs. per sq. 
in. min., with the yield point from 42,000 to 60,000 Ibs. 
per sq. in. min., depending on the composition and thick- 
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Constructed of ‘U.S. S. Cor-Ten,” This Giant Shovel Has 
Been Increased in Capacity 20 Per Cent. It weighs 17,000 
lbs., picks up 24,000 lbs. of coal at one bite. It has a 
weight capacity ratio of 1 to 1.4 as compared to 1 to 1 best 
obtainable by conventional steel construction. 





Coal Unloading Bucket of ‘'U. S. S. Man-Ten” Combines 
Light Weight, Increased Capacity and Abrasion Resistance 
(Courtesy: United States Steel Corp.) 





A 2, Ton Mine Car of “Yoloy’ Steel. Net reduction 
in weight is 392 lbs. (Courtesy: Youngstown Sheet & 
Tube Co.) 
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A 3200-Gal, Tank of “Yoloy” Steel. It weighs 4800 /bs., the saving being 1600 Ibs. over ordinary structural steel. 
(Courtesy: Youngstown Sheet & Tube Co.) 


| 
ness. For example, the 42,000 min. yield point refers 
to the steel of lowest C and Mn content when thicknesses 
are above 2 in. The elongation in 2 in. averages from 22 
to 28 per cent min., also depending on thickness. These 
values are in most cases higher than those originally re- 
ported (see paper by Cone*). See Table 2. 
Mn-V steel for boilers and other pressure vessels is also 
offered and used. In this the C is 0.18 per cent max., the 
Mn 1.35 per cent max., the Si 0.15 to 0.30 per cent and 
the V 0.08 to 0.14 per cent with maximum limits set for 
incidental impurities such as Ni, Cr, Cu and Mo. The ten- 
sile strength (as-rolled) varies from 70,000 to 85,000 Ibs. 
per sq. in. with the yield point from 42,000 to 50,000 Ibs. 
per sq. in. min., depending on thickness. Elongation in 











2 in. is about 28 per cent. 

For bars and rivets two grades of Mn-V exist (A and B) 
with the C at 0.18 per cent max. for both and the Mn 1.35 
and 1.45 per cent max. respectively; the Si and V are the 
same as in the other steels above. 

Large quantities of Mn-V steels are in use today, par 
ticularly in the super-structure of marine vessels, because of 
not only the high strength properties, but also the superior 
welding characteristics. 


Cr-V steel, which is really S.A.E. 6120, has of cours« 
not been changed as to composition or otherwise since its 
inclusion in the paper by Cone.* This steel is being used 
in pressure vessels, welded or not, which are usually stres 
relieved, annealed or normalized. 


A Hopper Car Built of “Republic Double Strength Steel.” Capacity: Nominal 100,000 lbs.; revenue 136,000 lbs.; weigh! 
33,000 lbs. Ratio light weight to revenue load, 1 to 4. (Courtesy: Republic Steel Corp.) 


METALS AND ALLOYS 





Passenger Car Roof of “Republic Double Strength Steel” for the Pullman Standard Car Mfg. Co. 
Steel Corp.) 


The Molybdenum Steels— 
climax Molybdenum Co. 


Chere are two types of low alloy Mo steels—the C-Mo 
Mn-Mo,—three with S.A.E. X4130. Considerable 


k has been done on these steels and experience has been 
ned from actual installations. 


C-Mo: The principal change in the composition from 


(Courtesy; Republic 


condition, with the C from 0.13 to 0.21 per cent, the yield 
that originally announced is in the Mo content which now 
stands at an average of 0.40 to 0.60 per cent in a repre- 
sentative grade. The Mn is 0.50 to 0.90 per cent and the 
Si is 0.15 to 0.30 per cent. C ranges from 0.13 to 0.25 per 
cent. (Table 1) 

Physical properties vary depending largely on the C con- 
tent and the thickness of the section. In the as-rolled 


Car Bolster Made of “Inland Hi-Steel,” Arc Welded. (Courtesy: Inland Steel Co.) 





Cold Flanging “Inland Hi-Steel” (Courtesy: Inland Steel Co.) 


point is reported at 42,000 to 57,000 Ibs. per sq. in. and 
the tensile strength at 72,000 to 79,000 Ibs. per sq. in. with 
the elongation in 8 in, at 27.0 and 20.0 per cent respective- 
ly. Many other values are obtainable depending on the 
composition. (Table 2) 

This C-Mo steel has found extensive use in boilers and 
pressure vessels, particularly because of its good high tem- 
perature strength and welding qualities. 

Mn-Mo: For steels in the as-rolled conditions, the C 
averages 0.15 to 0.30 per cent with the Mn at 1.20 to 1.75 
per cent, the Si at 0.20 to 0.50 per cent and the Mo 0.20 
to 0.50 per cent. (Table 1) 


The physical properties of such steels, depending on th 
analysis and section, have a yield point of 50,000 to 80,00: 
lbs. per sq. in. with the tensile strength at 75,000 


120,000 Ibs. per sq. in. (as-rolled). (Table 2) 


X4130: Another steel which may be regarded as fal 
ing into the type of steels here discussed is §.A.E. X4130, 


a Cr-Mo steel. Its composition and properties are listed 


in Tables 1 and 2. Considerable quantities are used as 
sheets in the as-rolled and normalized condition. 


The Mn-Mo steels are found to be easy to 


handle in 


fabricating operations. They respond well to heat trea‘ 
ment, and have good depth hardening characteristics. Weld- 


Truck for Spreading Hot Surfacing Materials Made of “Armco H. T.-50,” 10 Gage. (Courtesy: American Rolling Mill Co.) 
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ing properties are round to compare favorably with those 
of carbon steel. 

Generally the Mn-Mo steels are used where a high 
strength weldable steel is essential. Typical examples 
would include oilwell casing and drill pipe as well as in- 
stallation where high temperature strength is desirable. Its 
use in oil field equipment is reported as expanding. 


The Steel Company Steels 


NDER this designation there is here presented, briefly, 
lJ some of the changes and experiences of the companies 
with their individual steels in the last two or three years. 


‘‘Cor-Ten’’, ‘‘Man-Ten’’ ‘‘Sil-Ten’’— 
U. S. Steel Corp. 


A few changes have been stipulated in the chemical com- 
position of these steels. They consist mainly in a maxi- 
mum for C, a change in Mn ranges and limits to the Si 
percentages—maximum and minimum instead of a range. 
Some alterations, based on experience, are also reported in 

hysical properties—minimum values for yield point and 
nsile strength, new values for elongations, endurance limit 
1d soon. Charpy impact values have been substituted for 

d and figures for coefficient of expansion per deg. F. 

0 to 300 deg.) are included. (Tables 1 and 2) 

Based on experience to date (August, 1938) these steels 

e reported to be easily formed or pressed, hot or cold, to 

readily welded (except Sil-Ten), to be capable of forg- 

c, punching or reaming and to be riveted under stipulated 

nditions. “‘Cor-Ten can be readily flame cut’’ but for 

an-Ten and Sil-Ten flame cutting is possible if, in the 
ater thicknesses, they are pre-heated to approximately 

0 deg. F. In milling and drilling, these steels are said 

be more difficult than structural carbon steel—reduced 

eed should be used as well as a cooling agent; and more 
essure is necessary. 

Many have been the applications of these steels—the il- 

trations show some of them. A few include: Box cars 
26.8 per cent lighter; gasoline tank semi-trailers carry 800 
gals. more with 2.5 ton dead weight discarded and payload 
capacity increased over 30 per cent; streamlined street cars 
weighing 14 per cent less—and so on, all of Cor-Ten as 
compared with plain carbon steel; mine cars 10.69 per cent 
lighter and carrying 17 per cent more pay load; stripping 
shovel capacity increased 6624 per cent with excavating 
costs lowered 40 per cent—made of Man-Ten in compar- 
ison with plain carbon steel; approximately 70,000 tons, or 
35 per cent of the steel in the San Francisco-Oakland Bay 
Bridge, of Sil-Ten. 

One of the most recent applications of Cor-Ten on a 
large scale is in the passenger cars of the new stream-lined 
Twentieth Century Limited of the New York Central and 
the Broadway Limited of the Pennsylvania. 


‘“Yoloy’’—Youngstown Sheet 
and Tube Co. 


Some changes are reported in the chemical composition 
of Yoloy, the low-alloy high strength steel of the Youngs- 
town Sheet & Tube Co. The carbon range has been ex- 
panded to 0.05 to 0.25 per cent as against 0.08 to 0.22 per 
cent when first announced. Ranges have been stipulated 
for Mn and Si where none were reported before. The Mn 
is now 0.30 to 0.90 per cent and the Si 0.10 to 0.25 per 
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Exterior of Trailer Body, Made of 20 Gage “Armco H. 
T.-50” Cold Rolled Sheets (Courtesy: American Rolling 
Mill Co.) 





Streamlined Cars Built for the Key System for Use on San 
Francisco-Oakland Bay Bridge, Built Substantially of 
Mayari R Steel” (Courtesy: Bethlehem Steel Co.) 





Gas Scrubbing Towers Made of “Mayari R Steel” (Court- 
esy: Bethlehem Steel Co.) 
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Structure of the New Low Alloy High Strength Steel of 
the Great Lakes Steel Corp. 100X. (Courtesy: Great 
Lakes Steel Corp.) 





Truck Steel Wheel Cold Pressed from Great Lakes High 
Tensile Steel (Courtesy: Great Lakes Steel Corp.) 








cent. Instead of a flat 1.00 per cent Cu the range is now 
0.85 to 1.10 and instead of 2.00 per cent Ni, the range is 
now 1.50 to 2.00 per cent. (Table 1) 


The physical properties in the as-rolled or hot-rolled con- 
dition are given in Table 2. In the paper by Cone* no data 
were then given. 


The company states that the corrosion resistance of 
Yoloy is superior to that of ordinary copper steels and that 
it retains good impact strength at the low temperatures en- 
countered in oil refining (de-waxing equipment). The 
steel is readily arc, resistance or gas welded. The high 
ductility grades can be drawn or stamped. Its use in in- 
dustry has been growing. 


Republic Double Strength, Grades 1 
and 1A—Republic Steel Corporation 


Emphasis is insisted on by the Republic Steel Corp. that 
the full name, instead of the abbreviation “RDS” formerly 
used, be employed. This is because another company has 
patent rights on another type of steel, named “RDS.” The 
Republic steel is offered in two grades. 


In composition some definite changes have been made 
since the announcement in 1935 and 1936. There has 
been no change in the maximum limit on C in the two 
grades (Table 1), but a range in Mn is now stipulated, 
0.50 to 1.00 per cent; the Cu and Ni remain the same but 
the molybdenum has been changed from a maximum of 
0.20 per cent to a minimum of 0.10 per cent. Previously 
P was not stipulated but now in Grade No. 1 it is placed at 
a maximum of 0.10 per cent with 0.04 per cent maximum 
in Grade No. 2. 


There have been some slight alterations in physical prop 
erties. In Grade No. 1 the yield point (as-rolled) ap 
proximates 55,000 Ibs. per sq. in. min. (60,000 Ibs. orig 
inally), the tensile strength is about 70,000 lbs. (75,00 
lbs. originally) with the elongation in 2 in. unchanged a’ 
25 per cent. In Grade No. 1A the yield point and tensil< 
strength are unchanged at 70,000 and 90,000 Ibs. per sq 
in. respectively with the elongation in 2 in. now 15 per cent 
instead of 18 per cent. 


The company claims that the combination of Cu, Mo and 
Ni in the percentages used gives high tensile, high yield 
strength ratio, good ductility, low air-hardening character- 
istics and excellent corrosion resistance. Excellent forming 
qualities have been demonstrated and for welding it is ex- 
cellent because“of the low air-hardening characteristics. The 
atmospheric corrosion resistance is reported as having been 
“well proven” —"it has given trouble-free service since its 
development.”” Other properties are claimed and discussed 
in the new book—'‘Republic Alloy Steels.” 


‘‘Inland Hi-Steel’’—Inland Steel Co. 


No changes in chemical composition have been made 
since Inland Hi-Steel was first announced. It is stated that 
the C is usually under 0.10 per cent, the Mn and P are 
usually near the mean of the range given in Table 1, the 
sulphur will be under 0.03 per cent maximum and the Si 
under 0.10 per cent maximum, while the Cu and Ni are 
reported to run near the mean of the range (Table 1). 


The physical properties (Table 2) are now somewhat 
different than those originally promulgated, based of course 
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1e@ Water-Cooled Gas Producer Shells Built of “Cor-Ten’’ Steel. “The high strength and corrosive resistance of this 
terial justify its use where these properties are desirable. This steel is subject to little air-hardening in gas cutting and 
welding operations.” (Courtesy: Wellman Engineering Co.) 


or experience. The tensile strength (under 14 in.) is now 
00 Ibs. per sq. in. with the yield point lower at 60,000 


‘his steel, says the company, is being fabricated by arc 
wc ding in practically all its applications. In most cases a 
pluin carbon heavy coated rod is being used without stress 
relieving and in a few cases heavy coated rods with ferro- 
molybdenum in the coating are employed. Spot welding 
iso applicable. 
As to atmospheric corrosion, tests have been run in 35 
different types of environment with the following results: 
Under exposure to gases, this steel will show, according 
to the company, much greater corrosion resistance than 
plain C or Cu-bearing steels. Upon exposure to liquids 
not extremely corrosive, Inland Hi-Steel will show a 
marked superiority to the same two steels. Submerged in 
not extremely corrosive liquids, this steel shows some su- 
periority but, when in very corrosive liquids, this steel 
reveals no superiority to the same two steels. 


/) 


“Armco H. T.-50’'’— 
American Rolling Mill Co. 


A few chemical changes are reported. The Mo is now 
0.10 per cent min. and the Si is now 0.30 per cent min. 
against a trace originally. The Cu is put at a minimum 
of 0.35 per cent with the Ni set at 0.50 per cent min. 
with the phosphorus unchanged at 0.05 to 0.15 per cent. 
(Table 1) 

No alterations are reported in the physical properties— 
they are practically the same as reported in 1936. (Table 2) 

Experience has demonstrated, the company reports, un- 
usually good welding properties for this steel, laboratory 
and service tests proving that welded parts have essentially 
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the same yield and tensile strength as unwelded sheets and 
plates. Finished welds are said to be dense and tough, but 
also ductile as well. 

“Comparative study shows” that under atmospheric con- 
ditions this steel has a corrosion resistance 4 to 6 times that 
of ordinary steel. No one element suffices, but it is claimed 


An 82-Inch Steel Internal Gear of “Yoloy” Steel. This 
is one of an order of six. “High strength and weight re- 
duction were required.” (Courtesy: Wellman Engineering 
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Table 1—Composition of Present-Day Low Alloy Steels (Per Cent) 





Early Steels: Cc Mn Si Cu Ni Mo Pt 
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/ Matic a ilen's od'¥'s Rtn Cees . 2. SeeRL DD (sO ~ Gilde sicert? ~ eiccd se i gt gees Comey I+ Oia he 
OS ater as aids ws 0.15 to 0.25 ee os ahaa ao ON pe diees  wieltesé bie: ~~» dhe Sewn eadees s 
EE gees LG aie aoc Gre eeGse -S.ae Wee. ene Bee ic sse ahaa: Wedsewa sea RTS Sey Serer 
SER Rania k 8 aval g 0.15 to 0.30 1.20 to 1.75 ee CTA? ek ale au Bas On) Wa Oe ae Pk Oe ss ckabens ss 
3} te gat) oe 0.25 to 0.32 0.40 to 0.60 CaP ee NA Gstthasaes vcd anew 0.35 0O-G.20 OH fee Sicccecs 


Company Steels: 








Other Elements 


eee eee eee 


ee 


(ASTM-A8-36T) 


0.45 to 0.75 Cr 
0.45 to 0.75 Cr 


C 
0.08 to 0.14 V 


ree eee eae 


eee eeeeeee 


0.80 to 1.10 Cr 


, 0.15 min. V 





SMS | sre alee a's eee 0.10 max, 0.10 to 0.50 0.50 to 1.00 Cee eee) eae lasses. ines sebo'ss 0.10 to 0.20 0.50 to 1.50 Cr 
ar See 0.30 max. 1.25 to 1.70 0.30 max. RRS A FA ee er ee.» gals wud eeate 
on ae 0.40 max. 0.60 min. 0.20 min. | a ee OS Se ee cee GE. * SAS cs aka’ 
NE “Sie & clavate warbs ae 0.05 to 0.25 0.30 to 0.90 0.10 to 0.25 0.85 to 1.10 Ce ee a eee’ |. see ea aetna s 
nS Seabees te 0.12 max. tO o> See ae 0.50 to 1.50 0.50 to 1.00 0.10 min. 7 | A eee 2 ok 
SE. ROM ¢ 90 Ash Bw 8 0.30 max. MCR GR 5 ot eta bee og 0.50 to 1.50 0.50 to 1.00 0.10 min. Cite pen ecb bee 
ON ee 0.12 max. 0.50to 0.70 0.30 max. 0.90 to 1.25 0.45t00.65 ...... wove  OEPCGIS  ccncoecees 
gS Ore eee 0.12 max. 0.20 min. 0.10 max. 0.35 min. 0.50 min. 0.05 min. Seas | SNelep sees es 
PS A! aa Discontinued for “A.W. Dyn-El”’ 
PAA ee Discontinued for “A.W. Dyn-E]!”’ 
SAE AGadekeah ewe 0.35 max. 1.25 to 1.75 0.30 max. |< SR ate oh et ee ee pe eee er 
| Granite City HS1... No report 
! Granite City HS2... No report 
Centralloy .......... No report 
PR er are ee Cre OnE Oe oe Liman ee ae 0.10 to 0.30 ee Ee ae er ee ee 0.07 to 0.30 Cr 
New Steels: 
eS errno 0.14 max. 0.50to 1.00 0.05to0 0.50 0.50 to 0.70 OSS WGFs ved vdvcuses 0.04 to 0.12 0.20 to 1.00 Cr 
FW s Mae ove-ve’ 0.11 to 0.14 G50 te 6.80: © siaedaes's Pe ae LF iecasedeehs <eeseaawen SE ee 
Great Lakee ..cccees Not yet announced 
* Optional. + P and S average 0.035 to 0.055 unless otherwise stated. 
that the company’s research workers have learned after will be found in the paper by Cone,* some of which are 
years of extensive and careful study that P, Ni, Cu and the included in Tables 1 and 2. 
like, carefully proportioned, achieve remarkable results. A bulletin states that the welding of this steel is the sam: 
It is also pointed out that Armco H.T.-50 retains a duc- as plain low-C steel. It gives the joint strength of but 
tility closely approaching ordinary steel, despite its high welded material at 82,850 Ibs. per sq. in. (coated low car 
tensile strength. The steel has had wide acceptance. Some bon electrode) and at 86,020 Ibs. per sq. in. (coated C-M: 


of the illustrations show a few applications. 


‘4Jal-Ten’’— per cent respectively. 
Jones & Laughlin Steel Corp. 


No change has been reported made in Jal-Ten since the 


Three Steels Not Reported 
data furnished in late 1935 and early 1936. These data Because of failure to reply to repeated solicitations, there 


electrode). The elongation free bend was 40.4 and 51.” 





Table 2—Physical Properties of Present-Day Low Alloy Steels (As Rolled) 


) Early Steels: Yield Pt. » v8 El. in 2 in. Impact Coef. of Exp. 

i Bin 6 6 bas Wenn > cee nen 45,000 2 65,000 28.0 bindal 5562 is ee eae 

) ee: en MEE aah sn s 2 chp ecg see's 60% of T.S. 75,000 2 eT peed” ics. ES Wh hae ot 

| Se oe OE. . i nos bins we cas esas b 65,000 100,009 30.0 in * *-eateenebs 
ES hin dss Mk Sls: 0 back 4 oe CAA 50% of T.S..% 90 to 115,000 eda” Wace ee oe 
i ar? 2 cau 26 pte ehbeeseawane 65,000 95,000 25.0 CCE RT Pie: OR 
EO: « ChE L 4s os pae bdabE nb hoes 53,000 74,000 30.0 ira > Vion) eis Gas 
Treo. «sais 6s Uae ediinls Sa.8 6.6 76,000 103,000 23.0 cvda> OFT Vhs ee hed 
SAE ST Vecgun sak oF Ce eiiue eet os 60,000 82,000 28.0 DMM eae eigen a 
EMER GVEG bse coc cetheeceney Similar to Man-Ten 

SPIED, Sata a 4 Gibw:s 0 6.0.6.04 4 REO O wan Similar to Sil-Ten 

ee ere adaledwe jew) CE 2a 75 to 90,000 gan suse Oa ee Cee ae 
ET OED, 5's + ooxWb eka abebee ves - ee aes 85 to 100,000 sone TU ee ee 
EE. (CC sew AKG b's 0 0.0.0 04 CRE Ee ebas'e ts 42 to 60,000 70 to 105,000 22 to 28.0 coos > @ Se yeeesene 
EE ORs e elk ONE od cca Nwhs bebe... 
SE, (ats 4 Doha awa nee ce'Whice oeee bine 42 to 57,000 72 to 79,000 27 & 20.6° (io. «te he hale eee 
PEGE: devakies ocenccecsvacthsieese 50 to 80,000 75 to 120,000 ane San te Soe Rees 

) ME Eo .v.ide cess o cin cdaaket 70,000 3 90,000 2 20 to 10 cus ns 

) Steel company steels: 

. CE Pacis ved cUS tiie sescvccecan' 50,000 ? 70,000 3 22.03 40.07 6.7 X 10-* 

DEE TERED G's sO kath abecsecccenes 50,000 2 80,000? 20.0? 30.07 6.5 X 10-* 

Are a so, Son pinta se Fo. s0% ves 45,000 3 80 to 95,000 18.01 27.2' 6.3 x 10-4 
aang S 6-4-8. aa. 66 wk Aas oA 60 be 53 to 69,000 70 to 95,000 21.0 to 27.0% Sau vn. Peieea teh 
RS 2's ius akg oS we Rede toe Kak be 55,000 2 70,000 3 25.0 caew ). Staneoweares 
ME 5 5 Hic a hie os aoeee doe OM 70,000 3 90,000 2 15.0 dhae xn Sahni ein 

SNE "6 1, lb LIL d & 3. 0'e do 6 dated Beh 55 to 60,000 75,000 3 20.01 et ee CLERC 

ET. 6 kulanld cata bie kcse tk Weeds 50,000 2 65 to 75,000 25.0 to 28.0 OS Re ea ees 

Jal-Ten bs SARE © 8's adele Bae eR 50,000? 80,000 1 20.03 ke ae ae 

Aree “COG BENE oc bcc ews aecesebe No report 

| ESS | ear No report 
RS IPS oe eee No report 
SED: Pawiidlesicksd cpewen Ganeee sacs h No report 


| 
. 
| New steels: 
: 


a Ee ae ee ees 50,0001 70,000 3 ae 8ST ee iy DEN Ly 
Pe DOPE Wines ck as awn tadadsere’ 52 to 60,220 68 to 78,000 25.0? Sa a Ores 
Ce GE . sdias cuven ehh ob bcees ee ws 49 to 67,000 78 to 88,000 32.0 to 50.0 ST 2. eee es wl 


*Min. 71,600,000 + T.S. 20% min. *1,700,000 + T.S. ‘Average results. ° 1,600,000 + T.S. *In 8 in. * Charpy. 


deg. F. *Izod. ™ 1,500,000 + T.S. pct. min. (8 in.). ™ Izod (Room Temperature) ft. Ibs. per sq. in. 1% Room temp., 20 
(high ductility grade). ™ Normalized. ™ 55,000 min. 
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METALS AND ALLOYS 


are three steels, publicized in 1935-1936, concerning which 
no data are now available other than those then made pub- 
lic. 
“Granite City HS 1” 
“Granite City HS 2” 


These steels are: 


Granite City Steel Co. 


“Centralloy’"—Central Iron & Steel Co. 
‘‘Konik’””—Continental Steel Corp. 

The original data are found in the Table XI from the 
paper by Cone* and republished here. 


The Three New Steels 


N the last year or so, three new low-alloy, high elastic 
steels have been introduced. They are as follows: 
‘““Mayari R’—Bethlehem Steel Co. 

“A. W. Dyn-El”—Alan Wood Steel Co. 

A High Tensile Steel—Great Lakes Steel Corp. 


‘‘Mayari R’’—Bethiehem Steel Co. 


For many years the Bethlehem Steel Co. has produced 
the so-called Mayari alloy steels made from the Ni and Cr- 


bearing iron ores of Cuba (Mayari, Cuba). 


To meet the 


The Inner Ring in this Watch Case Vulcanizer is Highly 
“While the balance of the structure 
is made of low-carbon steel, the inner ring is of low-carbon 
“Cromansil” steel, possessing slight hardening properties, 
yet having a yield strength of over 60,000 lbs. per sq. in.” 
(Courtesy: Wellman Engineering Co.) 


Stressed in Service. 


Mayari R is pointed to as readily welded by all the usual 


methods. The combined strength and corrosion resistance 





























Table X!1.—Carbon and Low Alloy Steels. From Paper Before A.S.T.M., by Cone’ 


Range of Percentage Composition Reported by Companies. 


popular demand for a low cost steel for lighter equipment, 
teel having increased strength and corrosion resistance, 
the company has perfected this steel. It is called “Mayari 
Rk,’ the R denoting rust resistance. Its chemical composi- 
tion is reported as follows: 
Range Typical Range Typical 
Carbon .. 0.14 max. 0.08 Silicon ..... 0.05 to 0.50 0.10 
Manganese . 0.50 to 1.00 0.50 Chromium .. 0.20 to 1.00 0.25 
Phosphorus. 0.04 to0.12 0.099 Nickel ..... 0.25 to 0.75 0.34 
Sulphur . 0.05 max. 0.035 Copper . 0.50 to 0.70 0.55 
(he specifications for its physical properties in the as- 
ro.'ed condition are: 
U' imate tensile strength............. 70,000 Ibs. per sq. in. min. 
Yi OOMTE Ad bees cdesssccccccvccecse 50,000 Ibs. per sq. in. min. 
E DCU Nbibeieass 000 4460.00 1,500,000 — T. S. pet. min. 
I BRN b sk cbsvesecccssecedeente's 75 ft. Ibs. : 
Enditrame® Hamit..ccccccsccccccccccess 50,000 Ibs. per sq. in, 
Carbon, Manganese, Silicon, 
Type per cent per cent per cent 
Carbon Steels: 
S.A.E, No. 1030......... 0.25 t00.35 0.50t00.80 ......000, 
S.A.E. No, 1015......... 0.10 to 0.20 0.30t0 0.60 .......... 
Early Steels: 
S.A.E, No, 2115......... 0.10 0.30 0.15 
2 to 2.5 per cent Nickel... 0.20 0.60 0.30 
0.20 ! ieee? rr 
: 0.20 ae os Yh rerebedees 
Sls ee BID cscs ccve ! SP oe te ey eee 
S.A.E. No. 3130........ | gh *) BS ke eee ae 
SAcdy Ms OBES ccccavede 0.10 to 0.20 O20 00 O88: ‘Sidescintos: 
ee oe e. , BETA Te: 19 ge opens eee 
S.A.E. No, 4615......... 0.10t0 0.20 0.30t0 0.60 .......... 
medinm BiG... ...ssceces 0.20 to 0.25 cf 2) 8. ieee 
ee ES ows ia eSvbiee 0.30 to 0.40 0.70t0 0.90 0.20 to 0.30 
Cr aioe Vieik haw abiews ees 0.15 to 0.25 eS tera 
SOC 2 CGNs ceeavies s  beetiatnes 1.00 to 1.40 0.60 to 0.90 
EE. Ua deandGaseat neces 0.13 to 0.18 1,20 to 1.45 0.15 to 0.25 
OE s¥envabhesieeswelles 0.08 to 0.15 0.70 to 0.90 0.20 to 0.30 
Rs whisk ke odie’ Gs ic 0.10 to 0.20 .20 to 1.40 0.20 to 0.30 
Steel Companies’ Steels: 
LEG oS Heke icks abiseies 0.10 0.10 to 0.30 0.50 to 1.00 
a FESR ear ean 0.35a 1.25to 1.70 0.10 to 0.30 
Sil-7 My See Ceae aticee eine 0.20 to 0.40 0.40t0 0.80 0.200 
pT Ie > ee eae See 
TE Nt ais ow ks enw 4.é 0.120 SSR a.) Teta 
I 6 FOU GS Wash «0 os 0.30a CA AS yi, 
SE 5 ABLS dd vt ha cose 0.12a 0.50t00.70 0.300 
i, BE SEER ee 0.12¢ 0.15t0 0.90 Trace 
AW 70-90A...... 
TEE be vv cca biwn 0.25a 0.75a 0.25a 
Jal-Ten rie ee 0.35 1.25 to 1.75 0.300 
sranite City HS 1....... 0.14 0.70 to 0.90 0.15 to 0.20 
Granite City HS 2....... 0.20 to 0.30 1.20t0 1.60 0.15 to 0.20 
vk gage ne ee ie 0.08 to 0.30 0.60t0 0.90 0.500 


SCC CC eeeeeeeesese 





@ Maximum. 
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osphorus and sulfur range is 0.035 


eee 


eevee eeeee e888 ee 


to 0.055 per 


Copper, 
per cent 


eee eeeneee 
ee 
see ee ee eee 
see ween nee 
eoeeereees 
see ewe eee 
eee eeeeees 
eoeereeeee 
eeoeeeeeess 


o#e ee eeeee 


0.30 to 0.50 
0.400 

0.25 to 0.30 
0.25 to 0.30 
0.40 to 0.60 
0.10 to 0.30 


Nickel, 
per cent 


cent, max., unless otherwise given. 


Molybdenum, 


per cent 


Phosphorus, 


per centd 
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eee eee wee 


0.10 to 0.15 
0.05 to 0.15 


0.08 to 0.10 






















Other Elements, per cent 


0.80 to 1.10 Cr, 0.15 Vb 
0.40 to 0.60 Cr 
0.09 to 0.12 V 





0.50 to 1.5 Cr 
0.00 to 0.20 V 


0.12 Cr 
0.12 Cr 
0.25 Cra 
0.07 to 0.30 Cr 
































allow weight savings of from 25 to 50 per cent, depending 
on design and application. Owing to its ductility, it can 
be fabricated by the methods used in the average shop. It 
can be handled in the same manner as mild carbon steel 
—an important point—with only minor variations to allow 
for greater toughness. The abrasion resistance is 30 to 50 
per cent greater than that of mild carbon steels. 


“A. W. Dyn-El’’—Alan Wood Steel Co. 


The Alan Wood Steel Co., Conshohocken, Pa., announces 
that the earlier steels, A. W. 70-90 A and B, have been 
discontinued and have been replaced by A. W. Dyn-El. 
The chemical composition is as follows: 


Range Typical 
SE LESS eS 0.11 to 0.14 0.12 
EE REPS OS a ee 0.50 to 0.80 0.60 
IN Wat ST's 4s Vale Gh lale ch a cdcces ces 0.06 to 0.10 0.085 
BNET UL in eine” OL 1R ee bebo vdsccvccone 0.04 max. 0.03 
CRS chad Uda eed Rod octb bap sec cccdes 0.30 to 0.50 0.40 


Depending on gage thickness the yield point varies from 
51,800 to 60,150 Ibs. per sq. in. and the tensile strength 
from 67,890 to 78,020 lbs. per sq. in. and the elongation 
in 8 in. from 20.0 to 23.0 per cent and in 2 in. from 25.0 
to 34.5 per cent. Other properties are given in Table 2 
and in a booklet published by the company. Excellent 
corrosion, forming and welding qualities are claimed. 

Several applications of this steel are reported under con- 
struction. 


Great Lakes High Tensile— 
Great Lakes Steel Corp. 


A few months ago the Great Lakes Steel Corp., Ecorse, 
Detroit, announced by advertisements in trade papers a 
new high tensile steel. No distinctive trade name has 
yet been made public nor have any data as to its composi- 
tion been published. 

Permission has been given to present a few facts, how- 
ever. The composition has not been revealed except that 
it is a low alloy steel. It is reported to possess excellent 
ductility, combined with high yield point and ultimate 
strength; to be inherently fine grained; to be capable of 
cold pressing in various shapes such as auto wheels, etc., 
without intermediate annealing; and to have excellent weld- 
ing qualities, without air hardening. 

In Table 2 some of the reported physical properties are 
given. An interesting statement is that giving quick tensile 
tests at high temperatures (0.505 in. section). From 85 to 
800 deg. F. the yield point range was 44,750 to 61,500 Ibs., 
the tensile strength from 76,000 to 81,750 Ibs. per sq. in., 
the elongation in 2 in. 28.2 to 36.0 per cent, and reduction 
of area 61.8 to 71.0 per cent. 

Wheels for automobiles have been cold pressed from the 
new steel, ‘‘fatigue tests on which have shown 3 to 5 times 
the life of carbon steel wheels.” The resistance of welds 
of this steel to impact is illustrated by the dropping of a 
large tank, filled with 150 gal. of water, from the height 
of 28 ft. on to a steel plate. It did not fracture until the 








fifth drop. A photomicrograph is furnished to reveal its 
inherent fine grain. 


General Remarks 


| ag foregoing presents, rather briefly and not completely, 
the present status of the large variety of low alloy high 
strength (high elastic) steels. The presentation is based, 
as said before, on replies to a questionnaire sent to the 
various companies interested, 

Some months ago the writer had the privilege of visiting 
the plant of the Wellman Engineering Co., Cleveland, a 
company which, since the early introduction of these steels, 
has had a broad experience in incorporating these steels in 
various structural products, mostly by welding. The pres- 
ident, Mr. A. E. Gibson, showed numerous examples of 
large equipment made of these steels and was enthusiastic 
as to their serviceability and future application. We are 
able to reproduce one or two illustrations of these prod- 
ucts, through his courtesy and cooperation. 


During the season of 1936-1937, a well known member 
of one of the large American technical societies delivered 
an address before a local chapter of that society. His sub- 
ject was low alloy steels with particular reference to the 
class of steels treated in this article. He did not look with 
favor on most of these steels, criticized (and justly) some 
of the claims made for them, broadcast the impression that 
in his opinion they could not amount to much, and said 
that, whenever they were mentioned, he could with diff- 
culty “suppress a yawn.” It would seem that subsequen: 
developments must surely have awakened this lecturer to 
the present and future role of at least some of these steels. 

This survey shows that there are about 16 so-called ‘‘com 
pany steels” or steels promoted by steel companies an: 
about 4 types which are sponsored by alloy companies or by 
other promoters—truly an impressive array. 


Some of them, as has been partially demonstrated in the 
foregoing, are being extensively used—in both passenger 
and freight cars, in tanks cars, in trucks, in buses, in bridges, 
in pressure vessels, in mine and other equipment and so 
on,—primarily anywhere where lightening the carrier and 
increasing the pay load as well as combating corrosion 
and facilitating the use of welding is a consideration. 


Not all of these steels are likely to survive—in this as in 
some other fields it will be the “survival of the fittest.” 
Many of them have been improved. But the whole de- 
velopment is one of the most important in the steel indus- 
try in many years and its future is certainly bright. 
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HANDLING SOLID CARBURIZER 





Continuous Box Carburizing 


by R. H. Weber 


General Foreman, Heat Treating 
Cadillac Motor Car Division 
Cadillac Motor Co., Detroit 


ways practical to scrap old equipment and processes to 

take advantage of new ideas, however attractive the latter 
may be. There are open in many instances, however, 
avenues of modernization that reach the same goal at sur- 
prisingly low cost. 

Many interesting and well-founded claims have been ad- 
vanced for new methods of carburizing. Forgetting for a 
moment these claims, yet cautiously remembering the in- 
tricacies and variables of the new processes, let us consider 
an improvement in the time-tested carburizing method 
known as box carburizing. 

At Cadillac we have installed a unique, improved cycle 
for the travel of solid compound in the carburizing of trans- 
mission and rear axle gears. The furnace used is a gas- 
fired continuous pusher type having four tracks. With a 
carburizing temperature of 1675 deg. F., a total furnace 
time of 11 hrs. is required to obtain a case depth of 0.040 
in. The pushes are made every 44 min. per track and are 
staggered 11 min. apart to facilitate manual operations on 
the unit as a whole. 

Because quality and efficiency are the two essentials, a 
modification in pot design that improved both deserves 
mention, Where formerly square or rectangular boxes 
were used—and there are many units that still employ them 
—a cylindrical heat-resistant alloy pot is now used. Warp- 
ing and buckling of pots is virtually unknown and, coupled 
with the uniformity of heating which is proved by the 
quality of the finished gears, the improvement is one that 
merits the attention of all heat treaters. 

_ The compound is a standard charcoal base type contain- 
ing 25 per cent maximum coke, 10 per cent barium car- 
bonate and 5 per cent calcium carbonate. A noteworthy 
improvement regarding this compound is its size. Known 
commercially as No. 2 size, the particles are at least 1/5 in. 
in diameter, a size which considerably reduces density in 
packing. As the compound is purchased by weight and 
used by volume, the use of this size has resulted in at least 
10 per cent decrease in volume cost. Not only is time and 
expense reduced, but the increase in void volume makes 


| | THE PRESENT DAY of industrial change, it is not 


possible a more adequate and uniform circulation of the 
carbonaceous gases. 


Loading and Conveying 


Two of the round heat-resistant pots, which as we shall 
see later never leave the tray on which they rest, are moved 


Fig. 1. Round Heat-Resistant Pots Travel on Trays on a 
Conveyor to Positions under the Chutes. (Courtesy: 
Claude B. Schneible Co., Chicago) 
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Fig. 2. Details of the Rotary Cooling Drum at the Bottom of the Hopper. In this the compound is cooled from 
about 1100 deg. F. (Courtesy: Claude B. Schneible Co., Chicago) 


on a roller conveyor to a position under the chute A (see 
Fig. 1). This chute empties the bin located in the balcony 
above, and by simple lever action the compound is released 
from the small orifice (B) into the waiting pots (C). The 
parts are held on alloy hair-pin fixtures so designed as to 
facilitate direct quenching from the pot. The pots, now 
completely packed, are moved by gravity down the con- 
veyor (D) which places them into position for an air hoist 
easily to lift them onto one of the tracks of the furnace. 
After 11 hrs. in the furnace, the tray emerges from the 
unload end and is again hoisted and set on the floor, from 
which position the parts are removed by simply lifting the 
hair-pin fixtures, and quenched. The tray containing two 
pots of red hot compound is now lifted by the same hoist- 
ing method and moved to a gravity conveyor. In travel- 
ing the 90 ft. of this conveyor’s length, the compound has 
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Fig. 3. Specially de- 
signed Dust Collect- 
or for Carrying Off 
Dust and Fires. 
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(Courtesy: Claude 
B. Schneible Co., 
Chicago) 


cooled from about 1500 deg. F. to approximately 1100 
deg. F. It has now reached the dumping station; here the 
pots, still on the tray, are upset in an air-operated turnove: 
fixture which dumps the hot used compound into a hoppe: 
below the floor. The pots are then returned to an upright 
position and sent on the roller conveyor back to the packing 
station from which they started. 


Cooling the Used Compound 


Let us return now to the compound that was just dumpec 
into the hopper at a temperature of 1100 deg. F. At the 
bottom of the hopper, the compound is guided through : 
funnel-shaped chute, made small at the lower end, whic! 
regulates the flow into a rotary cooling drum, shown in de 
tail in Fig. 2. As this drum slowly revolves, two projec 
tions on its circumference trip a hammer which knocks on 
the small chute mentioned above and prevents the com 
pound from jamming in the small orifice. The drum is 
completely covered by a water-tight sheet metal housing, 
directly under which two pipe lines on either side of the 
drum spray it with water. In keeping with efficiency, the 
water used to cool this drum is caught in a drip trough and 
utilized in another part of the system, which will be ex- 
plained later. This system is capable of cooling 1800 lbs. 
of compound from 1100 deg. F. to 175 deg. F. in 1 hr. 


Separating the Fines 


As it emerges from the cool end of the drum, the com- 
pound is blown by a compact but powerful blower up a 
distance of 40 ft. through a 7-in. pipe to the top of the 
separator where the compound strikes a baffle. The heavy 
particles then fall to the bottom of the separator and a 
chute conducts them onto a moving leather belt. This belt 
is about a foot wide and moves over a magnetized drum 
designed to hold all particles of steel and deposit them 
into a small hopper beneath the belt, while the cooled and 
dust-free compound with all steel particles removed falls 
from the end of the belt into the bin—which is the place 
from which it started. 

There is still one part of the journey of the carburizing 
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compound that has not been described—that is the side 
road that the dust and pulverized particles of compound 
(which are hindrances to good carburizing) take when 
separated from the usable compound. At the top of the 
separator, a suction pipe carries off the refuse of dust and 
fines along with the dust collected by a tributary suction 
pipe over the loading station, and is blown into a specially 
designed dust collector, shown in Fig. 3. This dust collect- 
ing tower is approximately 25 ft. high and 6.5 ft. in diam- 
eter. Inside this shell with a cone-shaped bottom are 6 
impingement plates, which collect and precipitate the for- 
eign particles of dust and fines that are carried in the air 
blown into the bottom of the tower. As the dirty air 
makes its cyclonic ascent, down-coming water is reduced to 
a fine spray, which washes the air and carries the dirt and 
dust as a sludge to the cone-shaped bottom of the tower. 
Of the 30 gal. of water per min. required, 8 gal. per 
min. are obtained from the collected cooling water of the 


rotary compound cooler as already mentioned. The amount 
of air passing through the tower, 10,000 cu, ft. per min., 
must be kept constant for efficient operation. The prob- 
lem of checking this was easily solved when a small pipe, 
inserted into the large blower pipe and leading to a U-tube 
pressure indicator, was marked for operating limits as 
checked against the proper cu. ft. per min. reading of a 
velometer. This precaution was taken in anticipation of 
possible belt slipping or similar failures that would decrease 
the velocity of the blower. 

Even from this brief picture, it can be seen that this en- 
tire system is one of unusual efficiency and economy. Man- 
ual labor and handling time have been reduced to a mini- 
mum; cleanliness and ease of operation make for better 
and more pleasant working conditions. And while savings 
in compound costs and scrap losses have more than paid for 
this installation, its outstanding attribute is the uniformity 
and consistently high quality of the finished product. 





Editorial 


Magnets in radio speakers, dry batteries and storage bat- 
eries, tungsten lamps and photographic flash lamps, sterling 
silver and silver plate, platinum iridium rings, white and 

‘low gold rings and watch cases, bring in various metals, 

hile the sparking points for cigarette lighters involve 
cccium. One lighter is made of ‘‘Durium,” whatever that 
is. and another example of vagueness is in the ‘‘Indestructo” 
m-tals for firepots of furnaces and burners of stokers. 
Tey’ll send you a chunk of Indestructo and of cast iron so 
yo. can try a hacksaw on both and see how much harder 
the former cuts, whatever that has to do with heat-re- 
sis ance. 

The motor boat section lists bronze propellers, Al 
pi.tons, bronze connecting rods, Ni-Cr steel crankshafts, 
st. inless steel pumps, etc. In the automobile section, brass 
ail copper alloys in radiators, Al pistons, heat-resisting 
v. ves, Si-Mn steel springs, die cast carburetors (some di- 
chromate treated), re-babbitted connecting rods, etc., oc- 
casion no surprise. In the tools we have V steel saws, Al 
levels and rules, Mn steel hammers, Cr-plated auger bits, 
Cr-V steel wrenches, soldering coppers, solder and babbitt, 
brass stencils, and tungsten steel hack saw blades. The 
omission of Mo steel hacksaw blades and of austempered 
shovels should be looked into by Emmons and Davenport, 
respectively. 

Tinware, Al, and stainless steel compete in cream sepa- 
rators. The plowshare page is headed by pictures of an 
L. and N. recorder and a Rockwell instrument. We 
couldn’t find any hard-faced plow shares or cultivator teeth, 
though hard water soap is listed. 

A wagon truck is electrically welded. Copper-bearing 
steel fences galvanized after weaving and Parkerized steel 
coal chutes are listed. Malleable iron comes in for harness 
snaps. A lathe bed is “semi steel.” Horse shoes are drop 
forged steel. “Iron” for blacksmith’s use is listed, but it is 
not stated whether this is wrought iron or not. Inci- 
dentally, any foundryman who wants to buy a cold shut 
can find it on page 1028. 

A four page pink insert, in the back, features lower 
prices on nails, fence, fence wire and barbed wire, copper- 
bearing steel pipe, steel roofing, etc., in line with reductions 


announced by the steel companies while the book was in 
press, 
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The search for applications of modern metallurgy in this 
list of things in every day use reveals a considerable num- 
ber, though we failed to find anything listed made from a 
magnesium base alloy. One wonders in how many cases 
the metallurgical terminology is used because the purchaser 
intelligently connects it with quality, and in how many just 
because it’s a nice mouthfilling word. 

While the metallurgical engineer may not be interested 
in a formal ‘‘Prom Trotter” in Celanese Rayon Satin, “just 
packed with girlish appeal’ for $3.98, (p. 38) he will find 
the products of his art on later pages, usually less glamor- 
ously described.—H.W.G. 


Scrap Iron and Steel 


The American scrap iron and steel industry has, in recent 
years, expanded to such an extent that it is now of major im- 
portance—both as to domestic consumption and as to ex- 
ports. Scrap stands today in the front rank among the raw 
materials of the world’s steel industry. Its greater use, 
both in iron furnaces and in steel-making furnaces, has re- 
sulted in measurable conservation of iron ore and other 
materials. 

As to domestic consumption—over 38,006,000 gross tons 
of scrap was consumed in 1937 of which 28,368,000 tons 
or 74.6 per cent went into steel furnaces. The correspond- 
ing data for 1936 are 36,358,000 tons consumed, of which 
27,782,400 tons or 76.5 per cent went into steel melting 
operations. If comparisons with data for 15 to 20 years 
were at hand, it would be found that present-day per- 
centages are far in excess of those of earlier periods. 

It is, however, in export business that the most inter- 
esting and startling developments have taken place. The 
first recorded exportation of scrap iron and steel was in 
1896 or 42 years ago when scrap to the value of only 
$11,389, went to Canada, Italy, United Kingdom and 
China. Gradual expansion took place so that, in the 34- 
year period, 1900 to 1933, the export total was approxi- 
mately 4,455,000 gross tons, the highest for any of these 
years having been 773,000 tons in 1933. 

These data pale into insignificance before the figures for 
quite recent years. Exports in 1934 jumped to 1,835,000 
tons, expanded to over 2,103,900 tons in 1935, shrinking 
a little to 1,936,000 tons in 1936. In 1937, however, a 

(Continued on page 262) 
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One of the Transcontinental & Western Air's All-Aluminum Twin-Motored Douglas 
Transport Planes. (Courtesy: Aluminum Co. of America) 
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Airplane Propeller Blade Life 


hy J. B. Johnson and T. Tf. Oberg 


Air Corps, Wright Field, 
Dayton, Obio. 


The importance of the life of the propeller blades of an air- 
plane cannot be too strongly emphasized. They are subjected 
to combined stresses due to centrifugal, bending and torsional 
loads, the magnitude of which can be determined only approxi- 
mately. There is also the factor that the properties of the 
precipitation hardened aluminum alloys change with age and 
that this change may be hastened by vibrations. Failures of 
such blades have been comparatively rare since an intensive 
stu/y has proved that they were due to repeated applications 
of stress rather than impact or suddenly applied load and to 
stress raisers. Operators consider the useful life for aluminum 
alloy propeller blades at about 4,000 hours. 

The authors of this article, experts in their field, compare tests 


on two blades from the same alloy, each varying decidedly in 
length of life.—The Editors. 


HE AIRPLANE PROPELLER BLADE is a tapered air- 
foil section which is subjected to combined stresses due 
o centrifugal, bending and torsional loads, the magni- 
tude of which can only be calculated approximately. The 
failure of a propeller generally involves a forced landing, 
which may lead to further damage to the airplane or en- 
gine. These two factors, together with the assumption that 
the properties of the precipitation hardened aluminum al- 
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loys change with age and that vibration may accelerate this 
change has caused airline operators to consider the useful 
life for aluminum alloy propeller blades at approximately 
4,000 hrs. 

No convincing evidence has been produced that the me- 
chanical properties of the material in a propeller blade are 
affected by service, although many tests have been con- 
ducted on used blades. A test was recently completed at 
Wright Field of two blades manufactured from the same 
alloy and representative of modern forging practice. One 
of these blades was flown on an experimental airplane and 
had 21 hrs’ service, whereas the other was removed from 
service by a commercial airline after 4,233 hrs.’ flying time. 

The blades were manufactured by a process of rolling 
and forging, followed by a solution heat treatment, and ag- 
ing at elevated temperatures. The chemical compositions 
were almost identical as given in the Table. The test 
specimens to determine the mechanical properties were 
taken from the section of the blades in which the stresses 
are equal to or above the average stress in other parts of 
the blade, Fig. 1. 

There is a difference in grain size and distribution in 
the two blades as indicated in Figs. 2 and 3, but this has no 


Location of Test Specimens in Blades. 
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Comparative Grain Size the 
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Blades—Lon gitudinal Section. 
4233 hrs; No. 2 


Etched u ith HCl HNO ? HF. 
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Fig. 3. 


apparent effect on mechanical properties. The micro- 
structure, Fig. 4, is normal for forged alloys of this chem- 
ical composition. 

The S-N diagrams, Fig. 3, indicate better endurance 
properties for the blade with the longer service. Both 
curves, however, fall within the area which has been found 
to represent the fatigue characteristics of this alloy. The 
specimens which did not fail at the lower stresses after 
operating to 500,000,000 cycles were retested at a higher 
stress, the loading being accomplished without stopping 
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Comparative Grain Size of the Two Blades—Transverse Section. 
No. 1—4233 hrs; No. 2—21brs. 


Etched with HCl 4 


the machine. The fatigue limit was selected at the struss 
at which no damage resulted from original test at 500,000,- 
000 cycles, as indicated by the retest. 

The transition velocity curves were obtained by Water- 
town Arsenal, U. S. Army, Ordnance Department, 
standard specimens.* The differences in the transition ve- 
locity curves cannot be interpreted at the present on ac- 
count of the lack of data on aluminum alloys. 

The effect on the material of over-loading propeller 
blades has also been studied by the laboratory method of 


on 


No, 1 (Left)—4233 hrs; No. 2—21 hrs. 
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determining the damage to fatigue life from over-stress. 
The S-N diagram, Fig. 6, was obtained from specimens 
cut from a forged heat-treated aluminum alloy bar, 6 in. in 


diameter, of approximately the same composition as given 
i) the Table. 


The stress and number of cycles for the original test are 
shown in each case. The retests are not plotted but results 
of the retest are indicated by the shape of the point. If 
the specimen did not fail in the original test (circles) it 
was retested at a stress 30 to 50 per cent lower or higher 
than the original and run until failure occurred. If the 
fuilure was to the left of the S-N diagram drawn through 
the circles the specimen had been damaged (triangles), that 
is. the fatigue resistance lowered by the original test, if to 
the right, no damage (semi-circle). 


Example A. (Fig. 6)—The specimen failed on the orig- 
inal test at 26,000 Ibs. per sq. in. and 350,000 cycles; 
Exam ple B—the specimen was run at 26,000 Ibs. per sq. in. 





for 220,000 cycles without failure, the load was reduced at 
18,000 lbs. per sq. in. and the test continued to failure at 
942,900 cycles, which is to the left of the S-N diagram. 
The original test had damaged the specimen, the retest is 
not plotted; Example C—two specimens were run at 
22,000 Ibs. per sq. in. to 500,000 cycles, one was retested at 
16,000 Ibs. per sq. in. and the other at 14,000 Ibs. pet 
sq. in., the first failed at 50,559,200 cycles and the second 
at 269,600,000 cycles, both of which are to the right of 
the S-N diagram, indicating no damage on the original test. 

There are cases where no damage was indicated by a 
retest when the first test of the specimen may have actually 
been run longer at this stress than some other specimen 
which failed on the original test. Example D—This 1s 
characteristic of all fatigue data on aluminum alloys, the 
scatter of results is so large that overlapping is to be ex- 
pected. An S-N diagram established from sufficient data 
to represent the minimum boundary of the zone of scatter 
will also represent very closely the boundary of no damage. 
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Transition Velocity Aluminum Alloy Blade with 
4233 hrs. 
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TABLE OF AVERAGE PROPERTIES OF AIRPLANE 
PROPELLERS 


Max. Max. 
Deviation, Deviation, 
Per Cent Per Cent 

re 21 4,233 
Chemical composition : 

EEE “Cee COReET Sees cece sn’ 4.38 4.17 

DNC EAs sca ade Wiis 4 640.6) 0a 0.48 0.47 

NSE ETERS ee 0.71 0.75 

Ben) Mt ik eens tease eas 0.93 0.82 

Aluminum (by diff.) ........ 93.50 93.79 
NS CEE FE OEE TE TEY Pe 
Tensile strength, p.s.i. .. 58,300 1.5 55,300 8 
Yield strength (set 0.00 2) 'p. s.i. 38,600 7 38,500 7 
Prop. limit (set 0.0001) p.s.i... 29,900 6 32,400 5 
Elongation 4d, per cent........ 18.2 4 16 10 
Red. of area, per cent......... 29.8 3 27 5 
Brinell hardness ... ' 116 1 115 2 
Fatigue limit, rot iting ’ bez am.. 10,000 “F 12,000 Fe 
Charpy impact, notched, ft.-lbs. 9.93 5 9.34 5 
Charpy impact, no notch, ft.-lbs. 96.13 2 95.95 16 
SLERSCWNES a bined 860s. he kis.4 ee eee 
Demetle  GUONMER Miididn sce sss sess 58,000 6 
Yield strength (set 0.002) p.s.i. ..... 39,100 0.3 
Prop. limit (set 0.0001) p.s.i... ..... 31,700 0.3 
Elongation 4d, per cent....... ..... 13.5 3 
Med. GF GOR, POF COMEiiecceies vce 16.9 2 
Charpy impact. no notch, ft.-Ibs. 55.38 7 47.82 10 


Impact specimens 0.394 in. (10 mm.) sq. Notch 0.197 in. (5 mm.) 
deep with radius at bottom of 0.0395 in. (1 mm.). The maximum devia- 
tion is on the difference between the average value and the largest or 
smallest value for an individual specimen. 
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Fig. 8. Transition Velocity Aluminum Alloy Blade with 
21 hrs. 


These data would indicate that an aluminum forging alloy 
of this chemical composition and heat treatment is not dam- 
aged by over-stress. 

Propeller blade failures have been comparatively rare 
since an intensive study proved that they were due to re- 
peated applications of stress rather than impact or suddenly 
applied loads and were caused by stress raisers, such as too 
abrupt change of section between shank and blade, galling 
between propeller hub and shank of blade, surface damag: 
from stones or other obstacles and nodes of high stress duc 
to operating in the range of the critical frequency of the 
blade. 

Stress raisers can be eliminated by care and experienc 
in design and avoiding flying for any appreciable time ai 
the critical speeds. If fatigue cracks have started they car 
be detected by a light etching with an alkaline solution 
Unless a crack has formed, it may be assumed that th 
metal has not been damaged. 


Reference 


* “High Velocity Tension Impact Tests.” 
Soc. Testing Materials, Vol. 36, Pt. II, 1936. 


H. C. Mann, Proc. Am. 
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major foreign demand developed bringing the total exports 
to over 4,092,500 tons. According to official Government 
data, which are used in this discussion, the 1938 exports 
are not far behind the stupendous total of 1937, having av- 
eraged to August 1 about 275,000 tons per month as against 
about 341,000 tons monthly in 1937. Thus, for the 41/4 
years, or for 1934 to July 1, 1938, the total outgo of scrap 
iron and steel from the United States approximates 12,000,- 
000 tons. 


Striking as these data are, still more interesting and 
startling is the quantity sent to Japan. For a number of 
years Japan has been the largest consumer of American 
scrap. In the period 1925 to 1929, the average American 
exports to that country were only 93,341 tons each year. 
This expanded to 547,500 tons in 1933. But in the period 
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of large expansion—1934 to 1937 inclusive—Japan ab- 
sorbed 5,255,600 tons or 52.7 per cent of the 9,967,800 
tons exported—a really significant total. This is due of 
course to Japan’s lack of essential raw materials for her 
expanding steel industry. Italy and Great Britain are also 
recent large purchasers of our scrap. 


Aside from the fact that the use of scrap, both here and 
abroad, conserves iron ore and other raw materials, the large 
quantity sent to Japan is of major interest from another 
point of view. Scrap can be justly considered a war ma- 
terial. Undoubtedly Japan, were she deprived of the sup- 
ply of American scrap, would at least be decidedly handi- 
capped in her operations against China. It is not a matter 
of pride, at least, that tons of American scrap are being 
used in military campaigns in China and Spain. If non- 
combatant nations refused to sell war materials to contend- 
ing nations, war would be practically impossible —E. F. C. 
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Nickel-Chromium Resistance Wire 


— A PICTORIAL DESCRIPTION 


Photographs 
by Don Graf and George Miller 


Reinhold Publishing Corp., and Wilbur B. Driver Co., 
vewark, N. J., Respectively 


Text and Captions by Fred P. Peters, 


Asst. Editor, METALS AND ALLOYS 


HIS IS THE STORY of the metallurgical product without which the electric heat that toasts 
| bread, brews our coffee, irons our shirts, lights our cigars, waves our lady’s hair, relieves 

our charley-horse, and warms our feet December nights would not be the efficient, taken-for- 
granted thing it is today. For the practicality of modern electric heating, domestic and indus- 
trial, results directly from the high electrical resistance, excellent oxidation resistance, and work- 
ability of the nickel-chromium and nickel-chromium-iron alloys used for heating element resistors. 

Most widely used are two alloys: One containing about 80 per cent nickel and 20 per cent 
chromium, and the other, slightly less durable, containing 60 per cent nickel, 16 per cent chromi- 
um, remainder iron. In America, both of these are produced and marketed under various trade 
names (Tophet, Chromel, Nichrome, Jelliff Alloy, Superior, Premier, etc.) by at least 5 com- 
panies (not 2, as is frequently stated). The pictures on the following pages were taken in the 
plant of the Wilbur B. Driver Co., and illustrate the steps in the manufacture of Tophet “A,” 
this company’s 80 Ni/20 Cr alloy. 


Nickel-chromium resistance alloy presents one of the “‘fussiest’’ of metallurgical problems. 
Successful production of heating element wire that will have long life at high temperatures de- 
pends largely on having a clean, sound, workable ingot, of desired controlled grain size, to begin 
with. The melting problem is complicated by the high vapor pressure and oxidizability of 
chromium and the affinity of nickel for hydrogen and sulphur, both deleterious. If additions 
of tiny amounts of grain refiners or ‘‘protective’’ elements are not carefully controlled, clean- 
ness and workability are affected; constituents added to improve workability may reduce the service 
life of the alloy; time and temperature must be closely watched during melting. Control of 
all these factors has been greatly aided through the use of high-frequency induction furnaces. 

But the job is not finished with the melt, for all the production steps must be just as care- 
fully controlled. After the ingot is poured, it is reheated, rolled in moderate passes to 1/4 in. 
rod, annealed, pickled, and drawn to finished size with intermediate anneals and frequent 
inspections. Drawing speeds and control of dies are important, annealing temperatures and 
atmospheres must be vigilantly maintained. When the final life-testing and inspections have been 
made, no wire can be shipped out that is not up to standard as to high-temperature life, elec- 
trical properties, dimensions and uniformity. 
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MILLING. Later, the _ re- 
fractory hot top is removed, 
the mold is stripped and the 
300-1b., 6 in. x 6 in. x 3 ft. 
decapitated ingot milled in 
the machine illustrated, to re- 
move the casting skin. 








MELTING. The alloy is 
melted in 300-lb. lots in 
Ajax-Northrup coreless in- 
duction furnaces, small 
amounts of Si, Mn and Al are 
added to the Ni and Cr, and 
final deoxidation is accom- 
plished with calcium silicide. 
The melt is poured between 
2600 and 2700 deg. F. 








REHEATING. The brighi, 
smooth-surfaced ingot is next 
heated with many others be- 
tween 2200 and 2300 deg. fF. 
for 8 hrs. in this oil-fired, 
automatically controlled Elec- 
tric Furnace Co. unit, then 
transferred to the cogging 
mill. 











COGGING. Here the ingot 
is passed and re-passed 
through successively smaller 
grooves between the rolls, un- 
til it emerges as a 2-in. square 
bar, 18 ft. long, ready to be 
cut into three 6-ft. lengths. 














SALT ANNEALING. Each 
bundle is next annealed at 
1650-1700 deg. F. in cast 
heat-resistant alloy (60 
Ni/15 Cr) pots containing a 
molten mixture of soda ash 
and common salt, and 
quenched in water. The il- 
lustration shows a coil of an- 
nealed rod being transferred 
trom the pot to the water 
tank. 





THE ROD. After the ends 
have been cropped, the bar is 


ground, chipped, reheated to 


2200-2300 deg. F. and rolled 
in a smaller mill to fy in. rod. 
A group of 100-lb. bundles 
of the rod are shown, each 
of which is about 530 ft. long. 






































HEAVY DRAWING. The 
heavy drafts are all made 
through carbide dies; lubri- 
cation 1s provided by previ- 
ously coating the pickled rod 
with a special metallic lubri- 
cant; in addition, a small 
amount of graphite-soap pow- 
der is picked up in the die- 
box. The illustration shows 
the first drawing 0 peration, 
with the Yi in. rod passing 
through the carbide die. Suc- 
cessive drafts through similar 
machines reduce the diameter 
of the wire to 0.114 in., when 
it is cleaned, vreannealed, 
pickled, coated with lubricant 
and drawn on other single- 
hole draw benches to 0.080 in. 

















PICKLING. This is_ fol- 

lowed by pickling in a strong 

hydrochloric acid solution, an 

operation that is no simple 

matter of “dunk and rinse’ 

with ham extremely acid-re- 
sistant alloys. 














MEDIUM DRAWING. Con- 
tinuous wire-drawing ma- 
chines like that shown then 
take the wire from 0.080 in. 
to 0.036 in. These drafts 
are made through carbide dies 
immersed in circulating low- 
alkalinity soap solutions. 











FINE DRAWING. 


STRAND ANNEALING. 
After the wire is cleaned to 
remove the film of lubricant, 
it is again annealed, this time 
by passing it, single-strand, 
through the above or a similar 
hydrogen-atmosphere furnace 
at 1700-1800 deg. F. (accord- 
ing to size of wire, speed and 
amount of stock going 
through simultaneously). The 
hydrogen is previously dried 
by passing through an acti- 
vated-alumina drying unit. 





For drawing very fine wire— 
as fine, in some cases, as 
0.0008 in. or less than 1/3 the 
diameter of a human hair— 
wire drawing machines of 


this type are employed. 





FINE DRAWING. Farther 
reduction to “finished” size 15 
done continuously through a 
line-up of diamond dies in 
machines like this. The lubri- 
cating solution again is of a 
low-alkalinity soap. 





















































RESPOOLING. The _ final 
neat, compact, even-layered 
spooling is done on machines 
like this. Successive turns 
of wire on each spool must 
be laid down without “‘cross- 
ing,” for crossed wire causes 
tangling when the wire is 
later run off the spool in the 
customer’ s plant. 








FINISH ANNEALING. The 
wire, drawn to correct size 
within +0.0002 in. fis 
cleaned of soap film and 
passed through one of the hy- 
drogen-atmos phere annealing 
furnaces at 1600 to 1900 deg. 
F, (depending on wire size) 
thown here. Part of the tem- 
perature control panel can be 
seen in the background. 





COMBINATION ANNEAL- 
ING AND SPOOLING. The 
most advanced finish-anneal- 
ing practice is exemplified by 
the furnace in this picture. 
Wire passing through it is 
spooled directly on the ma- 
chine at the left, no subse- 
quent transfer respooling be- 
ing necessary. 

















LIFE TESTING. Each lat 
of heater wire 15 subjected to 
the standard AS.1.M. high 
tem perature life test, in which 
a stressed 5 pecimen is elec- 
trically heated, in a glass-en- 
closed compartment, in 2-min. 
off and 2-min. on cycles until 
burn-out occurs. This photo 
thows a testing engineer read- 
ing the wire temperature with 
an optical pyrometer. 





READY FOR USE. The large spool 
thown here holds about 5 lbs. of 0.020 
in. wire, the small spools about 2 Ibs. 
of 0.010 in., each. The original 300-lb. 
ingot was 3 ft. long; at 0.003 in., the 
ze of wire used in many very small 
units, the length of wire drawn from 
the original ingot would be about 
2000 miles. 

| In addition to its familiar ap plica- 
tion as domestic appliance heater wire, 
nickel-chromium alloy is widely used 
industrially: Bar stock for furnace 
parts; rod and heavy wire for furnace 
resistors; medium-size wire for rheo- 
Stats and, in the chemical industry, for 
dipping baskets and filter cloth; and 
fine wire for electronic tube grids, in- 
Sirument resistances, and many other 

ap plications. 





INSPECTION. In the in- 
Spection department the el« 

trical resistance and diameter 
of the wire on each ‘pool are 
accurately measured and re- 
corded on the label affixe d to 
the spool. Resistance of very 
fine wire is measured with a 
Wheatstone bridge, and of 
heavte r (lower resistance ) 
wire with a Kelvin bridge for 
greater accuracy. Diameter 
and “roundness” are checked 
with a Zeiss indicating mi- 
crometer or the latest type of 
‘light-wave”’ micrometer, both 
of which can be seen in this 

picture. 






































The Hydride Process—lIV 


—COMMERCIAL PRODUCTION OF URANIUM 


by Peter P. Alexander 


General Manager, 
Metal Hydrides, Inc., Clifton, Mass. 


Commercially pure uranium is assured by the author if the 
Hydride Process is employed. Some interesting alloys of 
uranium, possibly of commercial importance, are also forecast. 
Of particular interest is a master alloy of U and Ni, contain- 
ing 66 per cent U. He compares the present methods of se- 
curing metallic uranium with his. This is the fourth article in a 
series on The Hydride Process. Part I, the first published 
presentation of this new and important development, appeared 
in Metals and Alloys, Vol. 8, Sept. 1937, page 263. Part II 
was published in Vol. 9, Feb. 1938, page 45 and dealt with the 
preparation and properties of titanium hydride and the pro- 
duction of Cu-Ti alloys. Part III was published in Vol. 9, 
July 1938, page 179, and discussed titanium silicides. 


RANIUM, IN SMALL QUANTITIES, is found in the 
l) composition of a number of minerals which have been 

reported as occurring in many states in the United 
States, and in a number of other countries. Yet the per- 
centage of uranium in these rather rare minerals is so small 
that at present these small deposits have only a scientific 
interest. 


Minerals Supplies of Uranium 


Only two minerals, namely Carnotite (approximate com- 
position K,0.2U0,;.V,0;.3H,O), and Pitchblende, an im- 
pure uranium oxide of the formula U,Og,, are found in suf- 
ficently large quantities to have commercial value at 
present. 

The most important uranium ore deposits in the order 
of their discovery, are:— 

1. The Pitchblende deposits in Czechoslovakia. 

2. The Carnotite deposits of the Utah-Colorado area. 
3. The Pitchblende deposits in the Belgian Congo. 

4. The recently discovered deposits of Pitchblende in 

Canada. 

The Joachimsthal deposits of pitchblende in Czecho- 
slovakia which have been worked for uranium and radium 
since 1905, at first supplied all the demand for these two 
metals. Yet with the increased demand for radium, the 
Utah-Colorado deposits of carnotite assumed such im- 
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portance that between the years 1913 and 1922, most of the 
world supply of radium, and consequently uranium, was 
furnished by the United States from domestic carnotite ore. 

But when, in 1922, the richer and larger deposits of 
pitchblende in the Belgian Congo became productive the 
exploitation of the United States ores temporarily became 
less important. Up to 1930, the Belgian Congo sup- 
plied practically the total amount of uranium and radium 
for the world market. Yet since the discovery in 
1930, of rich pitchblende deposits at Great Bear Lake in 
Canada, the situation has changed, and the increasing sup- 
plies of Canadian pitchblende are supplementing the Bel. 
gian Congo supply of this ore. Also the production of 
uranium salts from the domestic deposits of carnotite again 
became active. At the present time the Vitro Mfg. Co. of 
Pittsburgh, and the Shattuck Chemical Co. of Denver, Col., 
produce uranium compounds in this country, from the do- 
mestic carnotite ore. However, a substantial part of the 
domestic requirements is still satisfied by imports from the 
Belgian Congo and partly from Canada. In 1936, for in- 
stance, the imports of Belgian uranium salts reached 341,- 
040 Ibs. The imports of the Canadian product into the 
United States during 1936 rose to 62,567 Ibs. 

The present rate of production of uranium oxide at the 
Port Hope refinery in Canada has reached 35,000 Ibs. per 
month, and it is stated that the known deposits at Great 
Bear Lake are sufficient to maintain this rate of production 
for ten years. It may be expected, therefore, that the im- 
portation of Canadian Uranium Oxide into the United 
States will be increasing. 


Extraction 


Klaproth and the early workers treated pitchblende ore 
for the extraction of uranium only, and their methods con- 
sisted essentially in the digestion of powdered ore with 
nitric acid, and the extraction of soluble compounds with 
water. The uranium oxide was obtained after a series 
of operations, as an insoluble residue. 
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Fig. 3. 


Sintered Uranium Metal. 100 X. Etchant: 10 per 
lic acid electrolytic. Dark areas are voids in the specimen. 


At the present time the main purpose of treating uranium 
ores is to extract the radium, and uranium salts are produced 
is a by-product. The important step, therefore, is the 
separation of these two elements. The roasted and milled 
re is treated with sulphuric acid which produces water- 
soluble uranium sulphate, and insoluble radium salts. A 
following treatment with hot water takes up into solution 
ill the uranium, and leaves as insoluble residue, the radium 
alts. 

The filtrate containing uranium is pumped out and 
treated with various reagents to precipitate iron, aluminum, 
nickel, cobalt, etc. Finally the purified solution of uranium 
salt is treated with ammonia which precipitates the yellow 
iranium hydrate. The calcination of the hydrate finally 


Fused Uranium Metal. 100 X. Etchant: 10 per cent 
oxalic acid electrol ytic. 
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Fig. 2. 


Same as Fig. 1. 500 X. 


gives pure anhydrous uranium oxide. The uranium oxide, 
which is now a starting point in the production of uranium 
metal, is therefore of high purity, containing only a very 
small amount of other metals. 


Metallic Uranium 


The preparation of uranium metal in the pure state is 
an extremely difficult problem. This element has such a 
great affinity for most of the substances with which it 
comes in contact during the reduction and fusion opera- 
tions, that it is very difficult to prepare it in large quan- 
tities without contamination either with oxygen, nitrogen 
and carbon, or such metals as iron, nickel, etc. 


Fig. 4. 


Same as Fig. 3. 500 X. 



































The excellent work done by such painstaking investiga- 
tors as A. Burger, E. A. Redeal, R. W. Moore, Gurtler and 
Pirani, and J. W. Marden and H. C. Reutschler, resulted 
in the production of small quantities of uranium of high 
purity and gave considerable information on the properties 
of this element. Yet their work also indicated, that, in 
spite of the most refined laboratory technic, available only 
in modern research laboratories, the danger of contamina- 
tion of the produced metal, especially with oxygen, is so 
great that one can hardly expect the data obtained by dif- 
ferent investigators to be even approximately the same. 

In consequence, one of the most important data with re- 
gard to uranium, namely its melting point, is still unknown, 
and the International Critical Tables, for instance, simply 
record that it is lower than 1850 deg. C. But how much 
lower, is not definitely established as yet. The published 
figures vary from 1850 down to 1300 deg. C., and the indi- 
cations are that it might be still lower. 

The same uncertainty prevails with respect to other im- 
portant properties of uranium, such as its electrical con- 
ductivity, hardness, ductility, etc. 

As stated, uranium is an extremely active element and 
readily combines with oxygen, nitrogen and carbon, form- 
ing very stable compounds of very high melting points, in 
the order of 2200-2500 deg. C. It is also readily dissolved 
by all acids and is acted upon even by warm water. Pow 
dered uranium ignites in air at about 170 deg. C. 


Laboratory Methods of Preparation 


The laboratory methods of preparation of small samples, 
in the order of a few grams, usually consist in the reduction 
of either the chloride or oxide of uranium with sodium, or 
with metallic calcium. 

The resulting uranium metal comes in the form of fine 
powder mixed with the products of the reaction which must 
9 leached out from the powdered mixture with dilute acids, 
and the powder dried in vacuum. This leaching inevitably 
oxidizes more or less the particles of the produced uranium, 
so that the resulting powder is either black or brown. The 
true color of massive unoxidized uranium is that of pol- 
ished steel. 

The purest uranium (99.8%) was produced by R. W. 
Moore.' This investigator worked with very small quanti- 
ties of re-distilled uranium tetrachloride which was reduced 
in special laboratory apparatus with re-distilled sodium. 
The produced brown powder was then pressed into small 
buttons and fused by electric arc in an argon-filled glass 
bulb used in laboratories as a furnace for such precise work. 
The produced metal was found to be quite ductile, and the 
ingot was rolled into thin sheets, only 15 mils thick. 

This method of production of uranium can be carried 
out only in the laboratory, since the preparation of an- 
hydrous uranium chloride is in itself an extremely difficult 
operation. The handling of metallic sodium or fusion by 
the electric arc in pure argon, requires great skill and can 
hardly be attempted on a factory scale. 

A more practical method was used by J. W. Marden 
and H. C. Reutschler,? who perfected the technic of the 
earlier investigators in the reduction of uranium oxide with 
metallic calcium in steel bombs, lined up with layers of 
pure calcium oxide, 

Their method consisted essentially in mixing a charge 
of a few hundred grams of pure uranium oxide with chips 
of metallic calcium and sodium chloride, closing the top 





Fig. 5. Round Pellets of Uranium 
metallographic preparation. 10 X. 


Nickel Alloy (U = 66%). 


of the bomb with a steel cover bolted to the bomb, and 
heating the whole in the furnace to the temperature of 
bright red heat. At a certain temperature the reaction 
started and was proceeding to completion with the gen- 

eration of a considerable amount of heat. In other words 
this method is a modification of the Thermit process with 
all the advantages as well as the limitations of that process 
The uranium obtained by this method is also of high 

Fig. 6. Flat Surface of One of the Pellets. 
30 X. 


Oblique i/!umunali 
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purity and comes in the form of powder which must be 
leached from calcium oxide and calcium chloride with 
dilute acid, and consequently is slightly oxidized. How- 
ever, with the refining of the technic of various operations, 
the above investigators probably could produce uranium of 
about the same purity as that prepared by Moore, and 
which is quite suitable for the production of various devices 
which must be prepared from high purity uranium powder. 


The Hydride Process of Production 
of Uranium 


LTHOUGH the described methods undoubtedly give ex- 
Io stees results, and supply the demand for uranium of 
very high purity for scientific investigations and the pro- 
duction of special devices, it was thought that even a some- 
what less pure metal of about 98 per cent purity, could find 
considerable application if such a product could be made 
by a simpler method which could be carried out on a larger 
scale under factory conditions and, therefore, at a lower 
cost. 


In developing the technic of the production of uranium 
by the Hydride Process, it was kept in mind that the pro- 
duced material should be of a quality suitable for handling 
on a comparatively large scale, that it should be of suf- 
ficient purity, in the order of 98 per cent, and that it should 
not be pyrophoric, which is often the case with very pure 
fine powdered uranium, so as to be reasonably safe for 


handling in dry state without danger of spontaneous com- 
bustion. 


Furthermore, since a large part of the produced uranium 
would eventually be used in the production of special alloys, 
a suitable master alloy of uranium with some suitable base 
metal, should be developed, which could be used as an ad- 
dition to the ladle. It is believed that these aims have been 
accomplished by methods which will be described below. 


Briefly, the present practice adopted by Metal Hydrides, 
Inc.,* consists in the following operations: 
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Fig. 7. Uranium-Nickel Fused Alloy 
(U 66%) Cooled slowly in the 
Furnace. Polished Section. Etchant: 
Merica’s reagent followed by ferric 


chloride. 100 X. 


The calcined uranium oxide and powdered calcium 
hydride are weighed and loaded into a steel tumbling barrel 
where they are mixed for about half an hour. Then the 
mixture is loaded into open steel containers, each holding 
about 20 Ibs. of the charge. The containers are then 
placed in a hydrogen furnace of a special type where the 
charge is heated to about 980° C. 

At that temperature the calcium hydride gradually dis- 
sociates into nascent hydrogen and nascent calcium which, 
in such a state, are much more reactive than when these 
elements are merely in a state of high purity but otherwise 
stable. The reaction proceeds gradually and the tempera- 
ture of the charge never rises above that of the furnace. In 
fact, it is constantly under control, and by decreasing ot 
increasing the temperature of the furnace, can be either 
accelerated or retarded. 

After cooling, the resulting material is loaded into a 
200-gal. tank provided with a mechanical agitator, where 
it is leached from all calcium oxide. The powdered 
uranium is then sluiced into a filter press where it is washed 
and partly dehydrated. The final drying is carried out in 
vacuum ovens. 


The Uranium Produced 
The produced uranium comes as a fine brownish powder 
of 150-300 mesh. The average analysis is: 


Per Cent 


Uranium ‘acd Seg Kae ot OA us aft & eee - 98.0 
Iron PO 6d biter & pb ateturtiseavat {= 1.0 
Silicon a ‘ard ; os Trace 


Aluminum 
Calcium . a ee ¥ rae = 
Oe, Nz, He Balance 


This brownish color is due to a very thin film of oxide 
which is produced during the leaching operation on thie 
surface of the individual grains. The film is so thin that 
it does not alter the composition of the produced metal. 
Yet it is quite necessary to protect the metal from rapid 
oxidation and eliminate the danger of spontaneous com- 
bustion. The produced powdered metal, therefore, can be 
handled in air and pressed under hydraulic press into 
briquettes with 100 tons pressure per square in. Then it is 
sintered at a temperature of 1000 deg. C., in an atmosphere 
of pure hydrogen evolving from some suitable metalli 
hydride, such as zirconium hydride. 
































The same material can be fused in a vacuum of less than 
six microns at the temperature of 1250 to 1300 deg. C. 
It is curious to note that the fused uranium requires a much 
higher temperature if it is to be refused a second time. 
This can be explained by the fact that during the fusion, 
molten uranium absorbs traces of oxygen which are pres- 
ent in the furnace even when the greatest precautions are 
taken to eliminate them. The fused uranium also com- 
bines with the refractories, reducing them and absorbing 
a certain amount of oxygen. Although it is more than 
likely that the melting temperature of 100 per cent pure 
uranium is not higher than 1200 deg. C., yet when the 
metal is contaminated with UO,, which melts at about 
2500 deg. C., the melting point of impure uranium rises 
rapidly. 

The density of uranium fused in a vacuum of less than 
six microns has been found to vary slightly in the different 
samples. The highest value observed was 21.3. This 
figure probably is of the purest uranium produced. 

Contamination with UO,, which has the density of 10.5, 
undoubtedly reduces the density of uranium. The density 
of pressed and sintered uranium powder varies from 16.1 
to 18 in accordance with the length of time of sintering. 


Acid Resisting Uranium Alloys 


INCE it has been realized that by far the larger tonnage 

of uranium will be used in the production of special al- 
loys, a series of alloys of uranium with different metals, 
were produced, to determine their respective values as mas- 
ter alloys, which could be used as addition to the ladle. 


Uranium Master Alloy—vU-Ni 


One of the surprising features of this work was the dis- 
covery of a binary alloy of uranium and nickel containing 
66 per cent of uranium. This alloy is produced in the 
form of a powder consisting of grains varying in size, and 
fused pellets of silver-like hard alloy, varying in size from 
20 to 60 mesh. 





This coarse powder can be fused at 1200 deg C. into 
ingots which have a density equal to 14. It is hard, brittle, 
non-magnetic, and can be easily ground into fine powder. 
The photomicrographs of uranium and uranium-nickel alloy 
prepared for the author by R. F. Bailey of the River Works 
Laboratory of the General Electric Co., to whom thanks are 
here expressed, give the structure of the alloy in a state of 
powder, sintered and in a fused state. 


The most notable quality of this alloy is its remarkable 
resistance to acids, including aqua regia. In fact, when 
this alloy had to be dissolved for chemical analysis, it was 
necessary to boil the powdered alloy in aqua regia for a 
considerable time. When heated for short time even in 
powdered state to red heat, it is only slightly changed in 
its silver-like appearance, by acquiring an extremely thin 
layer of oxide. Under the microscope, the grains and 
globules still reveal the same silver-like appearance as be- 
fore calcination. This is quite an astonishing property, 
since a number of uranium-nickel alloys of other composi- 
tion are pyrophoric, and ignite spontaneously when exposed 
to the air even at room temperatures. 


The high percentage of uranium in the ‘66’ alloy, the 
low melting point and resistance to oxidation, and the 
high density make this alloy a very suitable material for 
addition to the ladle. Indeed, when this alloy is added 
to the ladle of molten steel, nickel or copper, it rapidly 
sinks and alloys with the bath without excessive oxidation 
and loss of expensive uranium. Furthermore, its unexpected 
resistance to acids indicates that uranium-nickel alloys, with 
or without the addition of other elements, may constitute a 
new series of corrosion resisting materials. 


The uranium-nickel alloys of composition approaching 
that of alloy ‘66’ have similar properties. In fact, the 
final composition of the master alloy which will be most 
suitable for the production of various special alloys will 
probably be somewhat different to that of alloy ''66.” 
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THE METALLURGICAL STORY OF THE 


Ford Centrifugally Cast Steel Gears 


by Edwin F. Cone 


parts for Ford automobiles has been achieved by the 

netallurgical engineers of the Ford Motor Co. It is 

the casting of steel gear blanks by the centrifugal process 

the cluster transmission gears and the rear axle gears. 

The metallurgical story of this development is highly in- 
teresting. 

many years ago Henry Ford told his engineers that 

it a cardinal principle of his that whenever it was pos- 

sible to produce an automobile part so that about 25 per 

1 more metal could be dispensed with, such a process 


cece INNOVATION in the production of special 


Pouring Centrifugally Cast Steel Ring Gear Blanks in Initial Experimental Outfit. 


should be developed. If a product consumed 100 Ibs. of 
metal by the conventional method and it could be found 
possible to turn it out by a modified or new process with a 
saving of 25 lbs. or so of metal, that should be the aim and 
policy—without of course any deterioration in quality. 

It is this general principle which has been back of the 
numerous rather startling Ford metallurgical processes 
which have come to light from time to time. For past 
demonstrations of the success of this policy witness the 
Ford cast steel crankshaft,’ the Ford cast steel piston,’ and 
some other products. In the case of the cast crankshaft, 






























Removing a Centrifugally Cast Steel Gear Blank from the Casting 


marked savings in metal required and in machining in- 
volved were achieved—a forging was replaced by a casting 
In the present case—transmission and axle gear blanks- 
the same principle has been applied and centrifugal castings 
are being made commercially to replace forgings. It has 
taken over a year of experimental research work to develop 
this process. While these gears are being made commer- 
cially today, there are still a number of problems to solve 
so that the process in its present stage will still be modified 
and improved. But the facts to date are of general metal- 
lurgical interest. 


Microstructure of the Centrifugally Cast Steel Clus ter Gear 


Blank in the As-Cast Conditwe. Grain refinement is 


feature. X 100. 


Ad 


Microstructure of the C 


Machine. 


Centrifugal Casting Not New 


Centrifugal casting of various products from metals ind 
alloys, ferrous or non-ferrous, is by no means new. Sev- 
eral years ago there was more than one instance where \v art- 
ous products were cast in a rapidly revolving mold, us lly 
of metal. Many of these are today established commercial 
processes. 

One of these of outstanding prominence is the centrifugal 
casting of cast iron pipe. Some 20 or more years ago, the 
writer had the rather unique experience of being shown 4 


Centrifugally Cast Steel Cluster Ge. 
Blank in the normalized Condition. X 100. 



































Macrostructure of the Cluster Gear Blank As-Forged, Showing 


Macrostructure of the Cluster Gear Blank As-Centrifugally Cast, 
Flow Lines. The super-imposed dark lines show the outline of 


Showing Absence of Flow Lines. The super-imposed dark lines 





the finished cluster gear. 


demonstration of the DeLavaud process by the inventor 
himself, and of writing the first published description® of 
his method in this country. Since then, a great majority 
of the cast iron pipe produced in the United States is now 
made by the DeLavaud process as used by the U. S. Cast 
Iron Pipe & Foundry Co. (and others) and by the sand 
spun process, developed by the American Cast Iron Pipe 
Co, 


The Metal Saving Possible 


The Ford metallurgical engineers have demonstrated that 
the cluster transmission gear blanks and the rear axle dif- 
ferential gear blanks, both passenger and truck, can be cast 
centrifugally with a marked saving in metal consumed and, 
somewhat to their surprise, with an enhancement in quality 
for the purpose. The table gives the relative amounts of 
metal involved in the two processes as determined by ex- 
perience to date (September, 1938). The data speak for 
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show the dimensions of the finished cluster gear. 


themselves. A further advantage will be discussed later 
the structure of the metal—as well as other demonstrated 
ones. 


Composition of the Gears 


As stated earlier, previous to the development of the 
centrifugal process, forgings were used entirely as material 
for these gears. The forging steel used was approximately 
S.A.E. 5140. The steel incorporated in the centrifugal 
castings is quite similar except that at present copper is a 
constituent. The following table gives the composition 
range of the centrifugal castings with that of the forgings 
included for comparison: 


Castings Forgings 
ee a er eee ae ae 0.35 to 0.40 0.35 to 0.38 
OR ie >. iso 2 8 Ws onb > 0h ee 0.65 to 0.80 0.65 to 0.80 
DD “> shee wate chico sat . was 0.30 max. 0.10 to 0.20 
ee ST OP eer ee 0.90 to 1.10 0.90 to 1.10 
Copper Press terre. , : ‘ 0.50 to 1.50 none 
Sulphur - Reree ss, sipecne Gare MAE. 0.04 max 
Phosphorus ; ; ).03 max 0.03 max. 
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Table of Relative Weights of the Forged and Cast Gears 


Forging Casting 

Rough Finished Rough Finished 

Ibs. Oz. lbs Oz. lbs. Oz. lbs oz. 

Transmission geat ll . : 6 q 8 } 14 

Rear axle passenger 

ee. . «ches ase tae 20 5 10 12 17 8 10 12 

Rear axle truck gear.. 36 8 22 14 32 ey 19 8 

Note: 16 lbs. of molten steel necessary in the ingot for each forging 
blank for transmission gear. 


The steel which is being cast centrifugally is a relatively 
high carbon copper-chromium steel. The range in copper 
is a flexible one, the proportions being varied as study and 
experience dictate. The steel is melted in a 4-ton electric 
furnace (‘Lectromelt), 2 tons at a time being the quantity 
now being poured. From the furnace the molten metal is 





lines reveal the outline of the finished rear axle gear. 








Macrostructure of One of the Rear Axle Gear Blanks As-Forged. The super-im posed dark lines show the dimensions of 
the finished rear axle gear. 


transferred directly to the spinning molds and in about 3 
min. the rough gear blank is removed—a very rapid pro 
duction process. 


The Centrifugal Machines 


At present eight centrifugal machines are in operation. 
The molds are now made of low carbon chromium-molyb- 
denum steel. The best composition has not yet been settled 
on, some special analyses being experimented with. But 
an important factor here is that these molds are cheaper 
than forging dies. It is possible that later an analys s 
will be discovered that will prove to be more satisfacto | 
as to life and efficiency. 

The molds are set on a vertical axis so that the rotation 


Macrostructure of One of the Rear Axle Gear Blanks As-Centrifugally Cast. Flow lines absent. The su per-im posed dar! 
The protrusion at the top is the excess metal of the castin 
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is in a horizontal plane. The revolutions, motivated by a 
motor underneath the molds, average 300 to 400 r.p.m. In 
the experiments, revolutions from 200 to 1,800 r.p.m. were 
used. The metal enters the mold at an average temper- 
ature of 2900 deg. F. By this process the metal can be 
put where it is most desired and hence the saving in weight 
is possible. 

A problem which had to be solved and one which is not 
usually met with in centrifugal casting was a provision for 
the undercut portion of the cluster gears. Usually most 
centrifugal products are uniformly cylindrical. In this 
case Ford engineers solved the undercut difficulty by devel- 
oping a sand core which is placed in the mold. This pro- 
vides the undercut portion of the gear blanks. A novel 
provision is also the fact that two gear blanks are cast in 
one mold, with a small protrusion at each end for excess 
metal necessary. 


The Heat Treatment Cycle 


The heat treatment cycle of the centrifugally cast gears 
differs but little from that applied to the corresponding 
forgings. They are normalized after heating to 1700 to 
1750 deg. F. by soaking and rather rapid cooling. The 
main difference is that the cooling rate is somewhat faster 
than for forgings. This is inaugurated so as to insure a 
Brinell number that is not too soft. The machinable hard- 
ness aimed at is about 190 Brinell. Following this treat- 
ment the gear blanks are machined, and the teeth cut. 


Tie Macro and Micro Structure 


1e microstructure of the as-cast gears differs but little 
that of the forgings. An extremely fine grain struc- 
turc is Obtained, ranging from 5 to 7 A.S.T.M. numbers. 

A superior quality of the metal made by this process is 
re.caled by the macrostructure brought out after etching. 
And this is pointed to as important. Macrostructures of 
the castings show that the crystal formation of the metal 
rus perpendicular to the forces to which the gear teeth 
will be subjected in actual use. In a forging, however, the 
flow lines developed as a result of the forging process are 
parallel to the lines of force. It is therefore evident that 
the centrifugally cast alloy steel gear is stronger than the 
forged. This has been demonstrated by many experiments 
and in service tests. The relative macrostructures are 
shown by accompanying macrographs. 

The simplicity of the process is emphasized when it is 
pointed out that, in the production of forgings, the molten 
steel must first be poured into ingots which are then re- 
heated in soaking pits, followed by rolling down to a forg- 
ing billet which is then forged and machined to final di- 
mensions. During this process about 25 per cent of the 
metal must be cropped and then remelted. These various 
steps involve three reheatings. The centrifugal process 
represents a relative metal saving of about 25 per cent. 


Quality of the Steel 
Besides the claimed advantages already pointed out, the 
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Group of Forged and Centrifugally Cast Steel Cluster Gear Blanks | 
and Finished Gears as Well as the Cores Used. Upper right is the 
forged cluster gear blank and machined gear. Lower left is the 
centrifugally cast steel cluster gear blank (2 in one mold) and || 
the finished machined cluster gear. Some of the cores used in the | | | 

centrifugal mold are also pictured. | | 











centrifugal process assures a sound casting, free from blow 
holes and with practically no segregation. It also makes it 
possible to make a product at once which is closer to the 
desired final dimensions, cutting down the amount of ma- 
chining. Equally important is the relative low cost of the 
process. And still more vital, as mentioned earlier, there 
is no sacrifice in quality. Shortcomings in quality or life 
are not tolerated. Three tests have been applied—conven- 
tional static tooth loading, impact properties, and accelerated 
life tests of complete transmissions. Indeed another star 
has been added to the diadem of the metallurgical accom- 
plishments of the Ford engineers. 

For those who are not familiar with some of the earlier 
developments of the Ford organization, which METALS 
AND ALLOoys has been so fortunate to have discussed, we 
may mention (besides the crankshaft and the piston 
articles) those relating the metallurgical facts about the 
camshaft,* the continuous pouring of cylinder blocks,° the 
valve seats,* and the brake drums.’ 
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Under-water Drilling by the Submersible Barge Method as perfected by The Texas Co. This advancement has led to 
the development of orl-fields in the bayous and on the Gulf Coast of Louisiana and Texas, frequently hundreds of yards 
off shore. It is but an instance of the research The Texas Co. has pioneered in the petroleum industry to open up entirely 

new fields of development. (Courtesy: The Texas Co.) 
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METALS AND LUBRICANTS FOR 


BEARINGS AND GEARS 





by R. W. Dayton 


Battelle Memorial Institute, 
Columbus, Opio. 


PISTON RINGS AND CYLINDERS 


T" lubrication of piston rings can be either of the fluid 
or boundary type. Bouman*® says that at the extremities 
of ;iston travel, where the ring is moving at low speeds, 
boundary lubrication will exist, whereas midway in the 
tring travel, when it is moving rapidly, there will be fluid 
film lubrication. According to Higinbotham,°* the coef- 
ficient of friction may, therefore, be as high as 0.10, thus 


AN EXTENDED ABSTRACT 


Part Il 


(Concluded from September Issue) 


causing a high friction loss. Bass** estimated that 70 per 
cent of the friction loss of an aero-engine took place in 
the pistons and rings and that 30 per cent of the waste 
heat was carried away by them. Furthermore, 80 per cent 
of this piston friction is caused by the rings, which operate 
under a very limited oil supply. A further appreciation of 
the severity of service of piston rings and cylinder walls 
can be had from Higinbotham’s** data on the temperatures 
of operation. Measurements on the cylinder wall of a 








Appearance of Diesel Engine Piston Ring Bearing Surface after Four Y ears’ Service. 
| Photomicrograph (left) shows appearance of the ring O.D. as removed from the engine and cleaned. Note the uniform 
size of the abrasive markings, pointing to good lubricating conditions and freedom from scoring or galling. Some slight 
etching of the surface is apparent, due to slightly corrosive nature of the fuel. This ring surface, as viewed with the naked 


eye appeared smooth and well polished. X 25, Photomicrograph (right) is same as other one, only after cleaning with 

alcohol and buffed slightly, 100 X. This view illustrates the size and form of the graphite flakes. Rings and cylinders, 

when properly lubricated, exhibit the desirable surface markings as shown. (Courtesy: Koppers Co., American Ham- 
mered Piston Ring Division) 
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This is a Partly Open View of One of the Units Used in the U. S. 
Liners “Manhattan” and “Washington.” These are typical of single 
reduction units of the high ratio type used with rather slow speed 
turbines. In this case there are three turbines, triple expansion, all 
of which run at 1500 r.p.m. and mesh with a single gear and trans- 
mit a total of 15,000 h.p. at 125 r.p.m. The lubricant is a high 
grade turbine oil about 500 Saybolt seconds at 100 deg. F. and is 
distributed by pressure sprays to the gears and pressure feed to the 
bearings, which are all of the ordinary sleeve type (Courtesy: The 
Falk Corp., Milwaukee) 


Diesel engine showed temperatures up to 424 deg. F., in a 
gasoline engine up to 530 deg. F., in a steam engine up to 
300 deg. F., with saturated steam, and higher with super- 
heated steam. Lubrication failure can be expected at over 
400 deg. F., and then piston scuffing can cause temperatures 
up to 1,000 deg. F. 

Ring sticking, scuffing, and wear are factors limiting the 
service life of these parts. Ring sticking is the result of 
chemical changes in the oil, and according to Bass,** Bou- 
man,*® and Rosen®** may be either of two types, an oxy- 
genated lacquer, rapidly deposited at low temperatures in 
the ring grooves, or a deposit of sludge and adventitious 
matter, which deposits at high temperatures over a long 
period of time. The first is caused by too rich a fuel mix- 
ture and is rather infrequent. The second is the more 
frequent cause. 

Scuffing and seizure are due to a lubrication failure. 
Ottaway®® says that, although cast iron pistons would seem 
to be able to run at lower clearances without seizure, they 
actually have a greater tendency to seizure, and the resulting 
seizures are much more disastrous. A tool finish for Diesel 
engine cylinder liners is preferred by Yeates,’? since it is 
less prone to seizure. Compounded oils (Rosen®*) and 
colloidal graphite in the oil (Higinbotham™*) are said to 
reduce scuffing tendencies. 


Wear 


Wear is a problem of design, lubrication, and materials. 
Only a small amount of wear can be permitted in an in- 
ternal combustion engine before blow-by and oil con- 
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sumption become excessive. In steam engines, however, 
Stanier®’ says that large amounts of wear can occur without 
harmful effects. 

According to Bass**, the wear on the rings is the most 
serious part; wear on the cylinder walls is of little account. 
The design of automotive rings is particularly important in 
preventing wear, and in this respect Taub®* thinks that 
United States practice is far superior to European, giving 
longer life, lower oil consumption, and higher efficiency. 
He discusses present United States practice, which is to use 
individually cast rings with uniform radial pressure. The 
pressure pattern is cast in rather than machined in. The 
tension is higher than in the past, but this is not important 
in wear, because tension accounts for only a small part of the 
force on the piston rings. At present, rings are made with 
a tapered facing, which permits oil control until the ring 
is well seated. Chemical treatment (though what it is was 
not mentioned) was said by Rosen®* to enable wearing-in 
to occur much more rapidly. 

Yeates** gives data which show conclusively that a large 
amount of stopping and starting give a much increased 
wear per 1,000 hrs. running time. Williams* determined 
the effect of oil viscosity on cylinder wear, finding that 
with continuous running, light and heavy oils were equally 
good. With frequent stopping, light oils gave greater 
wear, 

Wear, according to Bouman*® and Young** can be due 
either to insufficient lubrication, abrasion, or corrosion, The 
type of cylinder liner should be selected to best resist the 
type of wear which will be predominant in service. (‘or 
cases where abrasive wear will be dangerous, sheer hard- 
ness must be relied upon. Nitrided liners are finding use 
in such applications (Pearce**), though it is said by 
Young" that the best type of liner will vary with the type 
of dust. 

Ottaway®* and Pearce®* feel that cylinder irons of the 
austenitic type, such as Ni-Resist and Nicrosilal, success- 
fully resist corrosive wear. 

For other uses, gray irons are most often used. There 
is general agreement that a fully pearlitic iron should be 
used and that a little free cementite should be present to 
avoid any traces of ferrite. There is less general agree- 
ment about the presence of the phosphide eutectic. Pearce™ 
claims that it improves, Chatel*’ that it harms the wear re- 
sistance of iron. Young’® says that ferritic irons are some- 
what improved by phosphorus but that ferritic irons are 
bad at best. The function of alloying elements was only 
considered insofar as they affected structure. 

King,** using iron for the inner tubes of textile spindles, 
finds that a plain cast iron is better than bronze, lignum 
vitae, alloy irons, and fabric resins from the standpoint of 
economy and cost. Tests, reproducing actual conditions, 
showed that phosphorus somewhat improves wear fe 
sistance, though not so greatly as combined carbon. He 
found the best solution of his problem was to use an iron 
of about 0.50 per cent combined carbon with a phosphide 
network, and then good wear resistance plus machinability 
was obtained. 

The desirable surface to be put on liners depended upon 
their hardness; a tool finish was preferred for soft irons, 
whereas lapping is essential for very hard irons, Yeates” 
feels that a tool finish is less sensitive to the grade of oil 
used than a more finely finished one. A sensitive method 
of determining wear was developed by Everett and Keller," 
who analyze the crankcase oil for iron contamination. 
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GEARS 


EARS, WORKING under very extremely high unit 

loads, are subject to many types of failure, which are 
discussed by Merritt.** In addition to direct breakage of 
teeth, usually caused by abuse, such an overloading or in- 
sufficient lubrication, there are many types of surface fail- 
ure. Types of gears, in which there is chiefly rolling fric- 
tion, such as spur, helical, or bevel gears, may be subject to 
smooth abrasion, in which the teeth wear at a fairly rapid 
rate yet maintain a polished surface. The failure is 
thought to be due to occasional breakdown of the oil film, 
each breakdown resulting in a little wear. A more viscous 
lubricant often cures this situation. Local seizure, caused 


O pen View of a Modern Double Reduction Drive for a Tanker. 


by local breakdown of the lubricating film, gives the type 
of failure known as scuffing. This has lately become very 
serious with gears under very high unit loads, in which 
there is considerable sliding friction, such as spiral bevel 
and hypoid gears. E. P. lubricants are established as com- 
batants of this type of failure. Merrit mentions the case 
of certain gears which require running-in with E. P. lubri- 
cants but thereafter run satisfactorily with ordinary gear 
oils. This emphasizes the fact that the wearing-in period 
for gears is the time when scuffing is most apt to occur. 
Blok*® made measurements of the temperature flash on 
the surface of planetary gear teeth during meshing, work- 
ing under E. P. lubricating conditions, and found that with 
unit loads of about 140,000 Ibs. per sq. in. the average 


In this case we had to meet the condition that the high 


speed gears run at unusually high velocity and this applies to the journal speeds of the high speed pinion bearings. Journe al 
(peeds and tooth velocities are relatively much lower for all the rest of the unit. Again we use a high grade turbine 


oil which is fed under gravity pressure through sprays to the teeth and directly to the bearings. 


viscosity between 350 and 600 Saybolt sec. at 100 deg. F. 


A suitable oil can be any 


We prefer the higher figure because it gives better pane 


o the slow speed gears of the unit but we make special provision to provide a lighter grade of oil from the same original 
ource for use exclusively in high speed gear teeth and high speed pinion journals by the following simple device: 
Nearly all of the oil fed to the unit passes first through a suitable cooler, then to a gravity tank from which it is fed to 


ll of the low speed elements at a temperature of 110 deg. I 


However, we provide a by-pass between the oil pump and 


e cooler which delivers oil at about 125 deg F. and consequent lower viscosity to a sup ple mentary small tank which is 
ounted directly on the unit. Oil from this tank is fed directly to the gears and pinion bearings, only, of the high speed 
sins and, in that manner, is conditioned more suitably for extra high speed gears and journals without sacrificing the 
ptective value of the heavier cooled lubricant that reaches the rest of the unit. (Courtesy: The Falk Corp., Milwaukee) 
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temperature flash was about 60 deg. C. and calculated 
that the maximum temperature flash was two to three times 
that. These gears were working under well lubricated 
conditions, and it can be readily appreciated that a lubri- 
cant breakdown could cause very much higher surface tem- 
peratures. Such a condition leads to local seizing (weld- 
ing), or scuffing. 

Merritt also discussed ridging, or dragging, which is an 
extension of scuffing, in which the contour of the tooth is 
changed due to plastic flow caused by seizure. The pitch 
line of the driving gear is grooved; the driven gear is cor- 
respondingly ridged. 

Pitting can occur on any gear or material and is caused 
by fatigue failure due to local high stressing. Small 
particles of metal are removed by fatigue cracking in a local 
area. This type of failure can develop early in the life of 
a gear, before it is completely worn in, and when local 
high spots cause excessively high stress. 


E. P. Lubricants 


E. P. lubricants received the greatest amount of attention 
in the papers on gears. Evans*' and Miller*® devoted 
their papers to general discussions of the lubricants. Es- 
sentially, E. P. lubricants are mineral oils to which certain 
active substances (Pb soap, S, Cl, Se, or compounds of 
them) have been added. The additions greatly improve 
resistance of films of the lubricant to rupturing and, thus, 
prevent scuffing. This property of the lubricant is called 
film strength, and the high film strength of these lubricants 
is generally associated with a chemical reaction between the 





lubricant and the metal, forming a non-metallic film which 
keeps the metal surfaces apart. Certain of these lubricants 
can be very corrosive; others are less so. The only suitable 
way to measure corrosion is thought to be in the particular 
assembly in which it is to be used. No laboratory tests 
have proved very useful. 

Many types of machines are in use for testing the lubri- 
cating properties of these E. P. lubricants. Evans* thinks 
that the results of all are arbitrary and not conclusive; Mil- 
ler®® thinks the Timken machine the best. Four different 
types of testers are compared experimentally by van der 
Minne.'?* These are as follows: (1) The four-ball tester, 
in which a loaded steel ball is revolved on three others and 
is started under load; (2) Timken tester, in which a steel 
block is pressed against a revolving ring; (3) Floyd tester 
—a steel shaft revolves in two steel half bushings which are 
pressed together; (4) S.A.E. tester, in which two steel 
disks are pressed together while rotating at different speeds. 
van der Minne comes to the conclusion that all the testers 
are less exacting than the hypoid gear itself, and the hypoid 
gear is the best way of testing various lubricants. 

Southcombe, Wells, and Waters'?® and Clayton’® 1° in- 
vestigated the operating characteristics of types of E. P. 
testers, with less emphasis on the correlation of results with 
service than seems desirable. 


MISCELLANEOUS 


Wire Drawing: Thompson®® believes that at ordinary 
speeds, lubrication in wire drawing is of the boundar 
type and, as proof of this, shows that the pull required i 


Closed View of a Modern Double Reduction Drive for a Tanker. (Courtesy: The Falk Corp., Milwaukee) 





independent of speed of drawing within the range of 20 
to 600 ft. per min. Goodacre®* also believes this to be so 
and says that the die friction consumes about 50 per cent 
of the total energy required for drawing. He believes 
that an adsorbed film of lubricant exists on metals due to 
the unsaturated nature of their surface and attributes the 
difficulty of drawing stainless wire to the saturated nature 
of its surface. 

Soft metal coatings on wire assist in its drawing. Cop- 
per or tin improves the wet drawing of steel and reduces 
die friction by about one-half. Lead improves the drawing 
of Nichrome, but it can give trouble in subsequent bright 
annealing. Thompson®® says that lead coatings on stainless 
enable more work to be done between anneals, even though 
the pull required is greater. Below 70 per cent reduction, 
the properties of the wire are the same whether or not it is 
lead coated. Above 70 per cent the lead-coated wire seems 
softer and more ductile. 

Cold Pressing of Sheet Steel: Arrowsmith" says that the 
function of the lubricant is primarily to maintain surface 
finish and to prevent tearing of the pressing. More severe 
equirements are now causing a demand for better lubri- 

ints. A lubricant breakdown, causing high friction, may 





‘igar Mill Bearings of Ampco Metal Grade 16. Water 
oling channels were cast into these bearings for cooling 
effect. (Courtesy: Ampco Metal, Inc., Milwaukee) 


either tear the pressing or give cold welding (seizing). 
Cutting Fluids: Miller®® lists the requirements of a cut- 
ting fluid as follows: 


. Cool tool and work. 

. Decreased friction of tool against work. 
. Flushing action. 

. It must wet the metal quickly. 


hws 


Lloyd** shows that the lubricant desired will vary accord- 
ing to use; that is, for high-speed rough work, cooling is 
the most necessary function of the cutting fluid and, there- 
fore, a fluid of high cooling capacity, such as a waterbase 
lubricant, is needed. On the other hand, when cooling 
is not so important, and where complicated and expensive 
tools are used, the preservation of the tool is very im- 
portant; so straight oils, which decrease friction, are used. 

Boston** feels that the cutting fluid has very little in- 
fluence on the surface of the machined article. 

All three state that the stability of a water-base emulsion 


is very important, since, if the emulsion breaks down, the 
machine will rust. 
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Screwdown Nuts, Universal Joint Bearing Segments and 

Thrust Washers for Installation in a New Continuous 

Sheet Mill. Aluminum bronze. (Courtesy: Ampco Metal, 
Inc., Milwaukee) 


Chains and Wire Ropes: Both of these applications are 
places where abrasive material may have opportunity to 
come in contact with rubbing surfaces. Coulson,’°® for 
lubricating chains under such conditions, states that the 
lubrication must come from inside the bearing pin out to 
prevent abrasive from exerting a lapping action, and he 
also says that if this is impractical no lubricant may resuit 
in a longer life than if lubricant were applied to the out- 
side. For the same reason, Hogan®® says that the only 
lubricant which should be applied to wire ropes in cases 
where abrasive may be present is that used in the manu- 
facture of the rope. In certain mines, where corrosion may 
be the chief cause of low life, lubrication is desirable to 
prevent it. In both chains and wire ropes, except for cases 
where abrasive wear may be severe, lubrication is desirable 
to reduce friction or to increase life. 


References: 


{The entire list of references was published with Part I in the Septem 
ber issue.] 





Centrifugally Cast Controllable Pitch Propeller Bushings. 

Ampco Metal Grade 18 for the Hamilton Standard Pro- 

pellers, Division of United Aircraft Corp., shown as cast, 

as shipped, and as finished. (Courtesy: Ampco Metal, inc.. 
Milwaukee ) 
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THE PRODUCTION AND 





Industrial Uses of Titanium 


hy George F. Comstock 


Metallurgist, Titanium Alloy Mfg. Co., 
Niagara Falls, N. Y. 


Not every one, of course, shares the complete misapprehen- 
sion concerning the usefulness of titanium mentioned by Mr. 
Comstock in his first paragraph. But, many of us, aware 
though we be that titanium is plentiful and much more than 
a metallurgical superstition, will be surprised at the number 
and breadth of industrial applications of this metal revealed 
by the author. 

Modern industry can credit much of “that extra something” 
of its products to the use of the hitherto “unfamiliar” metals 
in the materials from which its products are fashioned. Just 
how much “umph” titanium can confer on steel, cast iron and 
various non-ferrous alloys is clearly described in this article. 

This article is based on an address delivered by the author 
before a local chapter of a technical society —The Editors. 


—A CORRELATED ABSTRACT 


Part I 


of little use, and even today many think of it as a sor! 

of dope forced by fair means or foul on gullible stee! 
makers who pay out their good money for it, to the benefit 
of no one but the alloy salesman. Both of these ideas arc 
of course incorrect, as this article will show, for titaniun 
is not only one of the most plentiful of metallic elements 
but also a very important and widely used industrial ma 
terial, whose availability and application have benefited the 
alloy salesman least of all. 


Jor tite os WAS ONCE REGARDED as a rare element 


General Uses 


The chief use of titanium today is for pigment in the 





Fig. 1. Microstructure of High-Carbon Ferro-Carbon- 
Titanium Unetched and Magnified 100 Diameters, Showing 
Dark Graphite Flakes and Gray Titanium Carbide Particles. 


286 


Fig. 2. Microstructure of Medium-Carbon Ferro-Carbon- 
Titanium, Unetched and Magnified 100 Diameters, Show- 
ing Fine Titanium Carbide Particles and No Graphite. 
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3. Microstructure of Low-Carbon Ferrotitanium, Etched 


with HE and HNO 3, and Magnified 200 Diameters, Showing 


No Graphite or Carbide. 


paint industry,’ and this accounts for nearly 90 per cent of 
the total production. The pure oxide of titanium, prop- 
erly precipitated from sulphate solution, is a white powder 
ot very high refractive index, which means that it takes only 
a comparatively thin layer to interfere with the transmis- 
sion Of light and prevent the appearance of any markings 
underneath. Thus even though this pigment may cost 
more than others, its use is economical because fewer coats 
oi paint are needed to secure a perfect finish. Much of this 
xide pigment finds its way into such products as linoleum, 
ber, artificial leather, plastics, cosmetics and _ paper, 
where valuable results are obtained as well as in paint. 

The next largest use of titanium is probably in metal- 
lurgy, but this is by no means confined to the deoxidation 
of steel. This element is used not only as ferrotitanium 
to deoxidize iron and steel, but also as a true alloying ele- 
ment in aluminum, copper and nickel as well as in steel and 
iron. Another metallurgical use which is growing rapidly 
is in welding rod coatings,” where the fluxing and electrical 
properties of titanium dioxide in the form of powdered 
rutile have been found of great value. Before describing 
these metallurgical uses more specifically, it would perhaps 


be worth while to explain why titanium is not really a rare 
element. 


Natural Availability 


Among the elements composing the earth’s crust titanium 
is the tenth in order of abundance, being much more plenti- 
ful than many of the well-known metals such as copper, 
nickel, lead and zinc. This is shown by Table I (taken 
from Kemp’s ‘Handbook of Rocks,”” 1906) where it can be 
seen that iron, aluminum, and magnesium are the only en- 
gineering metals that have been supplied more abundantly 
for man’s use than titanium. Furthermore, concentrated 
deposits of high-grade titanium ore are not particularly 
scarce as ore deposits go. In this country large deposits 
of titaniferous iron ore are found in the northern part of 
New York as well as in Virginia and Wyoming. The ores 
we use chiefly at Niagara Falls come from Canada, India, 
Australia, and Brazil. Three or four years ago the world 
production of ilmenite, only one of the ores of titanium, 
was reported as around 70,000 tons.* The total imports 
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Fig. 4. 


ameters. These inclusions caused a defect in a bent sheet. 


of ilmenite into this country amounted to about the same 
tonnage. 

Titanium is not an especially costly metal, even in the 
unalloyed state. Table II for instance, shows that the pres- 
ent price of $6.50 per pound with a purity of about 99 
per cent compares favorably with the prices of such metals 
as tungsten, molybdenum, tantalum, vanadium, and colum- 
bium. The price of the metal in alloy form is of course 


Table |.—Composition of the Earth’s Crust. 


Per Cent 

 -Cis. capa ak tC ak 6.080 oh ew Ch oe odd 2» boas eve 49.98 
ESE ES Se ee ORS ae ee ke ag eae ae 25.30 
a eg ta iin 2 oee Sad wae & acaamseid Wane ¢ 7.26 
eee ee EONS so ck che dC Ede wees nk dibedvartel 5.08 
ee Ce. . Maat mind by ede ended 3.51 
Gh 5d oe att soca a) aa koe MSS + 0 cae SEDO 2.50 
i oe So ea | ee ee a 2.28 
ee. a 5 hae bw od 66a a ite Oba we 2.23 
I alk ori a o's dna Sa + 8b eekly ere o 0.94 
ee sco iteeie Sys. Siaes 0.30 
I a a te ee Salemi oe ie 0.21 
ee ON ee os ine ule a 0 0 bbe beh hs ae Bate ha 0.15 
IEE a ae ee a OT ep 0.09 
rs See Masa Cs <a abs 42h ee hed 6 Oa ae Soe eas 0.07 
rat. eer ead ns Ce sd s heen é bees eee Dae 0.10 

a a Ses ae oie sha 6 i856 oa 0 RR CAMS kes cae 100.00 


Table 11.—Approximate Prices of Commercially Pure Metals, 
per 1b. 
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much lower, down to as little as 40c per pound in medium- 
carbon ferrotitanium. 


Smelting of Titaniferous Ores 


The element titanium was discovered in the early days of 
chemistry, in 1789, previous to the discovery of such well- 
known elements as aluminum, calcium, chromium, mag- 
nesium, vanadium, etc. Its practical utilization however 
is very much more recent. At first it was known to iron- 
smelters chiefly as a nuisance, owing to its interference with 
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Typical Segregated Alumina Inclusions in Soft Steel 
Treated with Aluminum, Unetched and Magnified 200 Di- 
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Fig. 5. Sulphide Inclusions in Network Arrangement in an 
Aluminum-Treated Cast Steel, Unetched and Magnified 200 
Diameters. Such inclusions cause low ductility in tension. 


slag compositions and the formation of infusible titanium 
cyanonitride in the blast-furnace hearth. Dr. A. J. Rossi, 
who died in Niagara Falls about 15 yrs. ago, was chiefly 
responsible for showing how titanium could be employed 
usefully. He was hired in 1892 by the owners of the 
large deposit of titaniferous iron ore in the Adirondack 
mountains of northern New York to show how this ore 
could be smelted in spite of the prejudice that had arisen 
against the presence of titanium in a blast-furnace charge. 
Although Rossi was technically successful in this work, the 
ore, which by the way is very rich in iron and low in phos- 
phorus and sulphur, has not yet been used commercially, 
largely on account of its long distance from a railroad. 

Dr. Rossi's first experiments on smelting titaniferous 
iron ores were carried out in Buffalo in a good-sized ex- 
perimental blast furnace. He made in it some excellent 
cast iron which contained titanium, and this led to the idea 


Fig. 7. Typical Graphite Flakes in Electro-Melted Cast Iron 
Unetched and Magnified 50 Diameters. 








Fig. 6. Tyhical Scattered Globular Inclusions in a Titanium- 
Treated Cast Steel of Good Ductility, Unetched and Magnified 
200 Diameters. The darker inclusions are silicates, and the 


lighter, sulphides. 


of making a high titanium alloy to be added to other cast 
iron to improve its quality likewise. From this it was but 
a short step to the addition of the same titanium alloy to 
steel, and when the manufacture of the alloy was started 
in 1900 at Niagara Falls its value as a deoxidizer for steel 
was soon established. 

At the same time other metallurgical engineers in Ger 
many and France were also working with titanium to in 
vestigate the possibilities of using this unfamiliar element 
In Germany Dr. Hans Goldschmidt promoted a low-carbon 
ferrotitanium in competition with Dr. Rossi’s alloy whic! 
had a fairly high carbon content. There was quite a contro 
versy® for many years around 1910 as to which alloy wa 
the best; this was never really settled inasmuch as both 
kinds are used today and have their own special fields o/ 
usefulness. 

One of the most-used methods for smelting titanium ore; 


Fig. 8. Finer Graphite Flakes Typical of Titanium Cast Iron, 

Unetched and Magnified 50 Diameters. The methods of manu- 

facture and composition (except for the titanium addition) ap- 
plying to Figs. 7 and 8 were the same. 
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to make the alloys used for treating steel, cast iron, etc., is 
Rossi's process of carbon reduction,® which gives ferro- 
carbon-titanium containing 16 to 21 per cent titanium and 
3 to 8 per cent carbon. The other common process is 
Goldschmidt’s method by reaction with powdered alumin- 
um,’ giving low-carbon ferrotitanium containing 22-42 
per cent titanium and 3 to 8 per cent aluminum. Typical 
microstructures of the products of these processes are shown 
in Figs. 1, 2, and 3. 


Deoxidizing Steel 


Rossi's process requires an electric furnace to provide the 
necessary high temperature, while in the other process the 
burning of the aluminum powder affords sufficient heat. 
The use of carbon as a reducing agent for the titanium ore 
is of course cheaper, and gives the least expensive titanium 
alloy. This is the alloy used so much as a deoxidizer for 
steel,® this use of titanium being commercially its most im- 
portant metallurgical application. This is probably so well 
known to most readers as to require but little discussion 
here. 

Titanium is a stronger deoxidizer than manganese ot 
silicon, but not so strong as aluminum.’ Its advantage over 

luminum is that when used in the small quantities re- 
quired for deoxidation its oxide does not remain in the 
steel to make it dirty as alumina does. Streaks of inclusions 
ke those shown in Fig. 4, for instance, are not found in 
stcel properly treated with titanium instead of aluminum. 


The oxide of titanium is an active flux for slag,'° and is 
even capable of substitution for fluor-spar in open-hearth 
practice. Thus, the slag inclusions in titanium-treated steel 
are more fusible and fluid because of the presence of ti- 
tanium oxide, and are therefore more readily eliminated by 
floating out of the freezing steel, giving cleaner metal. 

Probably the largest amount of titanium is now used in 
effervescing steel, for many plants have found it to give 
better rimming ingots and hence a higher yield of good 
product."! The reason for its use in rimming steel is not 
entirely because of the deoxidation value, but partly because 
of the fluxing action of the titanium oxide formed. This 
affects the surface tension of the gas bubbles formed in the 
steel so that the effervescence is promoted and the gas is 
more readily eliminated before the metal becomes pasty, 
thus giving a cleaner, denser rim in the ingot. 

Titanium also has an interesting field in cast steel, es- 
pecially the pearlitic manganese steel,’* where a stronger 
deoxidizer than silicon is needed. The use of aluminum 
for this purpose gives poor ductility because of the network 
sulphide arrangement typical of over-reduced cast steel,*® 
as shown in Fig. 5. When titanium is used instead, the 
inclusions are globular and scattered like those in Fig. 6. 

Titanium is used in steel castings, therefore, to give the 
proper degree of deoxidation for fine-grain characteristics 
such as good ductility, high impact value, and repression 
of grain-coarsening in heat treatment above the best tem- 
perature, without so much deoxidation as to incur trouble 
from inclusions. 


ig. 9. Fracture Tests of Cast Iron for Chilled Rolls, Treated with Various Amounts of Ferrotitanium as Indicated, 


CCTOBER, 1938 





Showing White Iron with No Titanium, partly Mottled with 1% Addition, and Partly Gray with 2%. 
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Titanium in Cast Iron 


Low-carbon titanium alloys are required for adding ti- 
tanium effectively to cupola-melted cast iron, to nickel, cop- 
per, aluminum, or as an alloying element in steel. One 
way of making a low-carbon alloy is by reduction with 
aluminum, and this can be done either in a bath of molten 
aluminum in a furnace,® or with powdered aluminum in 2 
cold crucible.’ In the latter method it is necessary to re- 
duce some other oxide, such as iron oxide or nickel oxide 
with the titanium oxide, because the reduction of titanium 
oxide alone by aluminum does not generate enough heat to 
liquefy the products of the reaction so that the slag will 
separate from the alloy produced. 

Therefore, pure titanium metal cannot be made in this 
way by aluminum reduction. Another way of making low- 
carbon titanium alloys is by reduction with silicon in an 
electric furnace, a method first proposed by Dr. Becket of 
the Electro Metallurgical Co.‘* Although titanium at steel- 
making temperatures reduces silicon readily from silica in 
slags, the reaction can be made to go the other way at the 
higher temperature of the electric smelting furnace under 
strongly reducing conditions in the presence of an excess 
of silicon. And even in a carbon furnace, the excess of 
silicon keeps the alloy from absorbing carbon above a very 
small amount. The titanium alloy used most in cast iron, 
where aluminum is objectionable, is made in that way. This 
alloy with a silicon content dissolves more quickly in cupola- 






melted cast iron than does high-carbon ferrotitanium, 
which, however, can be used with success in electric-melted 
cast iron. 


Titanium is now quite widely utilized in cast iron," 
chiefly to decrease the size of the graphite flakes, as it is 
more effective for that purpose than other alloy additions.'® 
Figs. 7 and 8 illustrate this effect of titanium. As a conse- 
quence of the closer grain or finer structure of titanium cast 
iron, the strength is generally improved 5 to 25 per cent, 
with a slight increase in Brinell hardness, although the ma- 
chinability is better. 


Not only does titanium refine the grain of cast iron, but 
it also acts as a graphitizer, reducing the hardening effect 
of chill at thin sections and corners.'’ This is illustrated 
by the fractures shown in Fig. 9. Titanium is thus a use- 
ful addition to chromium cast iron'® or vanadium cast 
iron,'® where it permits the full utilization of the strength- 
ening effects of those elements while counteracting their 
tendency to promote chilled and unmachinable thin sections 
and corners. The graphitizing influence of titanium ac- 
counts for the improvement it effects in the machinability 
of these harder cast irons, while its grain-refining influence 
maintains or augments their inherently high strength. It 
has also been found that the soundness of sand-cast test- 
bars of gray cast iron is improved when the iron is titanium- 
treated.?° 


(To be Concluded ) 
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